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ABSTRACT
Virtual reality (VR) is progressively being acknowledged as a useful tool for medical training. The
adoption of VR for medical training in developing countries is at a slow pace compared to developed
countries. The paucity of innovative systems such as VR training systems and the lack of exposure to
these systems in developing countries tend to widen the gap in competency between medical
professionals from developed and developing countries. VR in South Africa is a new concept and,
therefore, limited literature exists from a South African educational perspective. This study aimed to
fill the gap in literature from a South African perspective by investigating the determinants of the
adoption of VR for medical training at the University of KwaZulu-Natal. The Unified Theory of
Acceptance and Use of Technology (UTAUT) was used as the guiding framework to investigate the
perceived usefulness of using VR, the perceived effort required to use it, and the social factors and
facilitating conditions that can influence its adoption for medical training. The study further aimed to
determine the challenges associated with the adoption of VR for medical training within the South
African higher education context.
Findings from interviews with 12 purposively sampled lecturers revealed that most respondents
perceived that VR would be easy to use for medical training should the necessary training and support
be provided. Some respondents had not previously experienced VR immersive environments and hence
felt that using VR for medical training would be difficult. The researcher deduced from the responses
that the respondents would be influenced to adopt VR for medical training by other medical
professionals who were currently using VR and that the degree of influence would be an important
factor in adoption. Although the respondents perceived VR to be useful, they voiced that the adoption
of VR for medical training at South African educational institutions could be hampered by challenges
associated with the lack of infrastructure, knowledge of VR, finance, resistance to change, user’s
inability to differentiate simulated environments from the real-world and poor design of the VR system
(interface). The respondents suggested a gradual approach to VR adoption, forming partnerships with
VR companies and seeking sponsorships or donations from alumni to address the finance-related
impediments. Furthermore, to ensure the successful adoption of VR for medical training by South
African educational institutions, they mentioned the need for:

government to address financial

constraints by increasing the budget allocated to South African healthcare; an effective change
management process to address resistance to change; a cost-benefit analysis; and, finally, training to
surmount the challenges.

iii

TABLE OF CONTENTS
DECLARATION .................................................................................................................................... ii
ABSTRACT ........................................................................................................................................... iii
LIST OF FIGURES ............................................................................................................................. viii
LIST OF TABLES ................................................................................................................................. ix
LIST OF ABBREVIATIONS ................................................................................................................. x
CHAPTER ONE: INTRODUCTION TO THE STUDY........................................................................ 1
1.1.

Introduction ............................................................................................................................. 1

1.2.

Research problem and significance of the study ..................................................................... 3

1.3.

Research questions .................................................................................................................. 4

1.4.

Research objectives ................................................................................................................. 5

1.5.

Methodology and theoretical framework used in the study .................................................... 5

1.6.

Limitations of the study .......................................................................................................... 5

1.7.

Overview of the study ............................................................................................................. 5

1.8.

Conclusion of Chapter one ...................................................................................................... 6

CHAPTER TWO: LITERATURE REVIEW ......................................................................................... 7
2.1.

Introduction ............................................................................................................................. 7

2.2.

The use of VR in simulated medical training.......................................................................... 7

2.3.

2.2.1.

Model-driven VR simulators ...................................................................................... 7

2.2.2.

Instructor-driven VR simulators ................................................................................. 8

The use of VR simulations to promote skills development .................................................... 9
2.3.1.

The use of MIST-VR for skills development .............................................................. 9

2.3.2.

The use of VR in simulated medical training to enhance skills development .......... 11

2.4.

The use of VR simulations for emergency situations ........................................................... 12

2.5.

The use of VR for patients’ rehabilitation ............................................................................ 13
2.5.1.

2.6.

Applications of VR for therapeutic treatment and rehabilitation .............................. 13

The use of VR to treat medical conditions ............................................................................ 14
2.6.1.

The use of VR to treat patients with cerebral palsy ................................................... 15

2.6.2.

The use of VR to treat patients with orthopaedic illness............................................ 15

2.6.3.

The use of VR to treat stroke patients ........................................................................ 15

2.6.4.

The use of VR to treat patients with cancer ............................................................... 17

2.6.5.

The use of VR for pre-operative planning ................................................................. 17

2.7.

The use of VR to treat phobias.............................................................................................. 18

2.8.

The use of VR by patients and healthcare providers............................................................. 19

2.9.

2.8.1.

The use of VR to teach patients ................................................................................. 19

2.8.2.

The remote use of VR by healthcare providers .......................................................... 20

Use of the IoT in conjunction with VR in the medical industry ........................................... 21

2.10. Implementation of the IoT in South Africa (non-VR related) .............................................. 22
iv

2.11. Integration of artificial intelligence with VR in the medical industry .................................. 23
2.12. The efficacy of VR in medical training ................................................................................ 25
2.13. Challenges to the adoption of VR for medical training ........................................................ 26
2.13.1.

Reluctance to use VR for medical training ................................................................ 26

2.13.2.

Financing and sustainability of VR ............................................................................ 27

2.13.3. Infrastructural issues related to the adoption of VR for medical training in developing
countries ..................................................................................................................................... 28
2.13.4.

Factors affecting the potential adoption of VR for medical training.......................... 29

i.

Age of users ........................................................................................................... 29

ii.

Prior use of a technology ....................................................................................... 30

iii.

Purchasing price ..................................................................................................... 30

2.14. An ethical perspective of the adoption of VR for medical training ...................................... 31
2.15. Conclusion of Chapter two ................................................................................................... 33
CHAPTER THREE: THEORETICAL FRAMEWORKS .................................................................... 35
3.1.

Introduction ........................................................................................................................... 35

3.2.

IT adoption frameworks ........................................................................................................ 35

3.3.

3.2.1.

Theory of Reasoned Action ........................................................................................ 35

3.2.2.

Technology Acceptance Model .................................................................................. 37

3.2.3.

Theory of Planned Behaviour ..................................................................................... 40

3.2.4.

Model of Personal Computer Utilization.................................................................... 42

3.2.5.

Diffusion of Innovation Theory .................................................................................. 43

3.2.6.

Social Cognitive Theory ............................................................................................. 46

3.2.7.

Motivational Model .................................................................................................... 47

3.2.8.

The Unified Theory of Acceptance and Use of Technology ...................................... 47

Conclusion of Chapter three ................................................................................................. 50

CHAPTER FOUR: RESEARCH METHODOLOGY .......................................................................... 51
4.1.

Introduction ........................................................................................................................... 51

4.2.

Research Questions ............................................................................................................... 51

4.3.

Study framework ................................................................................................................... 52

4.4.

Research philosophy ............................................................................................................. 52

4.5.

Research approaches ............................................................................................................. 53
4.5.1.

Deductive approach.................................................................................................... 53

4.5.2.

Inductive approach ..................................................................................................... 53

4.6.

Research strategies ................................................................................................................ 54

4.7.

Research choices ................................................................................................................... 56
4.7.1.

Quantitative research method ...................................................................................... 56

4.7.2.

Qualitative research method ........................................................................................ 58

4.7.3.

Differences between quantitative and qualitative research methodology ................... 59

4.7.4.

Mixed-method approach ............................................................................................. 59
v

4.8.

Time-horizons ....................................................................................................................... 59

4.9.

Data collection ...................................................................................................................... 60

4.9.1.

Study site and target population .................................................................................... 60

4.9.2.

Sampling techniques ..................................................................................................... 60

4.9.2.1.

Probability sampling techniques ........................................................................... 61

4.9.2.2.

Non-probability sampling techniques ................................................................... 62

4.9.3.

Sample size ................................................................................................................... 62

4.9.4.

Sampling process .......................................................................................................... 63

4.9.5.

Data types...................................................................................................................... 63

4.9.5.1.

Primary data .......................................................................................................... 63

4.9.5.2.

Secondary data ...................................................................................................... 63

4.9.6.

Data collection methods ................................................................................................ 64

4.9.7.

Data collection process ................................................................................................. 64

4.10. Data analysis ......................................................................................................................... 65
4.11. Data quality control............................................................................................................... 66
4.12. Ethical considerations ........................................................................................................... 68
4.13. Conclusion of Chapter four ................................................................................................... 68
CHAPTER FIVE: FINDINGS AND DISCUSSION ............................................................................ 69
5.1.

Introduction ........................................................................................................................... 69

5.2.

Designation of respondents ................................................................................................... 69

5.3.

Answering the research questions ......................................................................................... 70

5.3.1
Research question 1: What is the perceived usefulness of using VR for medical
training? …………………………………………………………………………………………70
5.3.2
Research question 2: What is the perceived effort required to use VR for medical
training? …………………………………………………………………………………………78
5.3.3
Research Question 3: What are the social factors that can influence the adoption of VR
for medical training? ..................................................................................................................... 79
5.3.4
Research question 4: What are the facilitating conditions for the adoption of VR for
medical training? .......................................................................................................................... 80
5.3.5
Research question 5: What are the challenges to the adoption of VR for medical
training? …………………………………………………………………………………………80
5.3.6
5.4.

Research question 6: How can VR be adopted for medical training purposes?............ 85
Conclusion of Chapter five ................................................................................................... 89

CHAPTER SIX: SUMMARY, CONCLUSIONS AND RECOMMENDATIONS ............................. 91
6.1.

Introduction ........................................................................................................................... 91

6.2.

Summary of the study ........................................................................................................... 91

6.3.

Conclusion ............................................................................................................................ 92

6.4.

Recommendations ................................................................................................................. 93

6.5.

Limitations of the study and suggestions for further research .............................................. 95

REFERENCES ..................................................................................................................................... 96
vi

APPENDICES .................................................................................................................................... 131
Appendix A: Alignment of the theoretical framework with the research objectives and questions;
and interview questions .................................................................................................................. 131
Appendix B: Ethical Clearance letter ............................................................................................. 132
Appendix C: Letter of professional editing .................................................................................... 133
Appendix D: Interview Transcripts ................................................................................................ 134

vii

LIST OF FIGURES
Figure 3. 1. Constructs of the Theory of Reasoned Action ………………………………..36
Figure 3. 2. Constructs of the Technology Acceptance Model ……………………………38
Figure 3. 3. Constructs of the Theory of Planned Behaviour ……………………………...42
Figure 3. 4. Constructs of the Model of Personal Computer (PC) Utilization …………….43
Figure 3. 5. Diffusion of Innovation Theory ………………………………………………44
Figure 3. 6. DOI Adopter Categories ……………………………………………………...45
Figure 3. 7. The UTAUT framework ……………………………………………………...48
Figure 4. 1. The Research Onion………………………..…………………………………51
Figure 4. 2. Excerpt of the data analysis process (using one response) ……….…………..66

viii

LIST OF TABLES

Table 2. 1. Summary of literature ......................................................................................................... 33
Table 4. 1. Comparison of qualitative and quantitative research methodologies ................................. 59
Table 4. 2. Quantitative data vs qualitative data control ....................................................................... 66
Table 5. 1. Designation of respondents and publications made ............................................................ 69

ix

LIST OF ABBREVIATIONS
AI:

Artificial intelligence

DOI:

Diffusion of Innovation Theory

HMD:

Head-mounted display

ICT:

Information communication technology

IoMT:

Internet of medical things

IoT:

Internet of things

IT:

Information technology

MM:

Motivational Model

MPCU:

Model of Personal Computer Utilisation

NHI:

National Health Insurance

RLC:

Resource-limited countries

SA:

South Africa

SCT:

Social Cognitive Theory

TAM:

Technology Acceptance Model

TPB:

Theory of Planned Behaviour

TRA:

Theory of Reasoned Action

UK:

United Kingdom

UKZN:

University of KwaZulu-Natal

USA:

United States of America

UTAUT:

The Unified Theory of Acceptance and Use of Technology

VR:

Virtual reality
x

CHAPTER ONE: INTRODUCTION TO THE STUDY
This chapter provides a background to the study and highlights the research problem, the objectives of
the study and the research questions. The chapter further presents the theoretical framework adopted.
The limitations of the study are also outlined.
1.1.

Introduction

According to Israel, Wang, and Marino (2016), technology offers a way to enhance and improve the
accessibility of learning materials, promote scientific literacy, and improve students’ attitudes toward
pursuing medical training. The number and range of commercially available technologies used in
training healthcare professionals are rapidly growing. However, Halili (2019) stated that simply
introducing technology to students and other users does not necessarily enhance learning. Technology
can only become a powerful learning tool if it is customised to suit the learning needs of students. Halili
(2019) further stated that educators can either introduce students to simple technologies such as videos,
video games, two-dimensional (2D) computer learning programs and 2D media or to highly
sophisticated computer systems such as virtual reality (VR).
According to Popoola, Omonisi, and Odesanmi (2020), training is considered as fundamental to a
healthcare delivery system. However, there is a lack of information on the level of utilisation of
information technology (IT) among healthcare professionals in developing countries (Seretse,
Chukwuere, Lubbe, and Klopper, 2018). Seretse et al. (2018) further noted that currently in developed
countries, advanced technologies such as 3D simulations, VR and robotics are used for training medical
students. However, many developing countries do not have advanced technological equipment for
medical training because such equipment is beyond the scope of healthcare priorities in those countries
(Seretse et al., 2018). On the other hand, developed countries find it more feasible to implement
advanced technologies for medical training to improve their healthcare systems (Seretse et al., 2018).
The absence of innovative systems such as VR-based training techniques and the lack of exposure to
advanced concepts of VR-enabled medical training programs tend to widen the gap in competency
between medical professionals from developed countries versus those from developing countries
(Seretse et al., 2018).
In developing countries such as South Africa, VR is slowly being recognised for its benefits in teaching
and learning. However, its adoption for educational purposes is lagging compared to developed
countries (Ng'ambi, Gachago, Ivala, Bozalek and Watters, 2012; Buliva, 2018). Both Mbarika (2004)
and Monakise (2019) agreed that most African countries cannot afford the advanced technological
solutions such as VR, which may explain why VR adoption for medical training purposes remains latent
in resource-limited countries.

On the other hand, developed countries have acknowledged the benefits of VR for educational purposes
and have implemented it in the classroom to assist with various aspects of teaching (Ng'ambi et al.,
2012). Both Satava (1996) and Lalys and Jannin (2014) suggested that medical training requires the
adoption of advanced computer-based systems like VR. However, the implementation of VR needs a
priori knowledge of factors that could influence its adoption or non-adoption and the challenges related
to its implementation in a specific context.
Burger and Christian (2018) stated that although the post-apartheid government has made significant
progress towards reforming and improving access to healthcare for the public sector, the healthcare
system in South Africa remains inequitable. In terms of progress, approximately 1600 healthcare
facilities have been built or upgraded since 1994 - a significant investment affecting approximately 40
percent of existing health facilities (Burger and Christian, 2018). Burger and Christian (2018) further
noted that the availability of healthcare services has improved with some people from rural communities
reporting reduced travelling times to healthcare facilities (for example, clinics). Affordability-centric
policies in South Africa have decreased patient fees and have expanded priority programs with the aim
of making healthcare more accessible to people residing in rural areas.
However, Burger and Christian (2018) noted that studies show that healthcare access will not
necessarily improve if the costs of healthcare are decreased. Hypothetically, if public healthcare
services were to be ‘free’ or cost-effective, patients could perceive the services to be of poor quality
which may cause them to refuse treatment from those healthcare facilities. Similarly, Honda, Ryan, Van
Niekerk and McIntyre (2015) argued that improvements in the accessibility and cost-effectiveness of
public healthcare in South Africa are unlikely to improve health outcomes if patients do not find the
quality of the services acceptable. Therefore, the South African government needs to understand
patients’ experiences with accessing public healthcare services prior to making investments in advanced
healthcare technologies such as VR (Honda et al., 2015; Burger and Christian, 2018).
In their study, Burger and Christian (2018) found that regardless of measures implemented by the South
African government to promote equal access to healthcare, there were several areas of inequity in
healthcare which remained. Burger and Christian (2018) added that although acceptability levels of
good quality healthcare were high, availability and affordability of it remain constrained. Thus, the
lower levels of availability and affordability implied that only 53 percent of South African patients had
full access to acceptable healthcare that was also available and affordable (Burger and Christian, 2018).
Hence, the researcher believes that if advanced technologies were to be adopted, the South African
government would need to ensure that they are accessible to all users (residents, doctors and other
medical professionals) working in public healthcare.
Kirby (2019) noted that it is imperative to understand the reasons for the affordability and availability
constraints. One of the main reasons for a lack of access to primary healthcare by most South Africans
2

is remoteness. These South Africans reside in rural areas and have to travel further to the health facilities
subsequently paying more to do so. The constraints arose as a result of the apartheid regime and hence
are not simple or easy to resolve (Kirby, 2019). Additionally, another constraint patients’ residing in
rural areas face is South Africa’s underdeveloped public transport system which increases travel times
and costs to patients. However, these constraints fall outside the realm of the Department of Health
(DoH) (Kirby, 2019). Thus, as South Africa embarks on major healthcare reforms under the umbrella
of the National Health Insurance (NHI) Bill, there will be an increased need for empirical evidence to
guide and inform policy prior to advancements in the healthcare field (Salt and Lopes, 2019).
The South African DoH details ten priorities (the 10-point plan) in its service delivery agreement, one
of which is the need to improve healthcare infrastructure which includes using information
communication technology (ICT) and advanced technology to improve patient care (part of the National
Electronic Health Strategy) (Govender and Mars, 2018). However, the South African government
recently passed the NHI Bill. NHI will be an enormous government-run medical scheme consisting of
all South African citizens as members. The NHI will include primary healthcare, for example, doctor
visits, medicines, operations and hospital stay which will be ‘free’ for all South Africans. Taxpayers
would need to pay an additional amount of tax from their income rather than paying for medical aid.
There is much speculation about whether the South African government can afford and manage the
NHI (Salt and Lopes, 2019). McIntyre (2019) stated that recent or newly implemented health-related
technologies should only become available for use once the cost and the impact of the NHI is realised.
However, Leong (2019, p. 4) noted that the evidence of the comparative value and effectiveness of
technology (including medical devices and advanced technological medical systems) would be
evaluated against the current standard of care. The NHI Bill states that the Benefits Advisory Committee
must determine, review, and assess detailed and cost-effective treatment guidelines that consider the
emergence of new technologies (Leong, 2019, p. 8). This does mean that there is a possibility for
technologies, such as VR, to be adopted in the healthcare industry.
1.2.

Research problem and significance of the study

South Africa has recently joined the VR revolution. Hence, some organisations in the country are
competing extensively to be recognised in the VR international market (Naidoo, 2017). These South
African organisations produce VR devices to be used in the fashion and entertainment (music and
gaming) industries (Naidoo, 2017). However, VR adoption in South African educational institutions is
slow and stagnating (Buliva, 2018). Hence, little is known about the factors that may influence its
adoption or non-adoption. Buliva (2018) further noted that the use of VR in education in Africa has not
been investigated extensively. Govender and Mars (2018) pointed out that there is limited literature
relating to medical training of students using advanced technologies such as VR in South Africa.
3

Similarly, Swart, Duys and Hauser (2019) noted that the current use of simulation-based education
using technologies such as VR is unknown in South Africa.
This study, therefore, investigated lecturers’ perceptions of the adoption of VR for medical training. It
focused on the determinants of, and the challenges to, the adoption of VR to train medical students from
a South African educational perspective. The use of VR in other contexts has been investigated
extensively (Weiss and Jessel, 1998; Freeman et al., 2001; Hoffman, Murray, Curlee and Fritchle, 2001;
Mazziotta et al., 2001; Zimand et al., 2002; Glanz, Rizzo and Graap, 2003; Rizzo, Schultheis, Kerns
and Mateer, 2004; Fridhi, Benzarti, Frihida, and Amiri, 2018) and its potential to enhance learning
outcomes has been proven. Therefore, failure to conduct this study would have meant that the
determinants of, and challenges to the adoption of VR for medical training purposes in South Africa
remained unknown. Findings from this research could be a point of reference for future research on the
adoption of VR for medical training purposes and for its use in the treatment of medical conditions, for
example, stroke, cancer, orthopaedic illness and cerebral palsy.
According to Tyrone Rubin, starter of the VRSA (Virtual Reality South Africa) Project, VR in South
African education is still being explored and is a work-in-progress (Friederici, 2018). South Africa has
not joined the trend of VR in education. VR requires a high-speed network infrastructure to be used
effectively, and because South Africa has recently adopted fibre Internet connections, the adoption of
VR in South African education is not a far-fetched idea (Ma, Jain and Anderson, 2014; Friederici, 2018).
However, there is a need to identify other factors beyond high-speed network infrastructure that must
be considered within the context of South Africa to make VR adoption for medical training a reality.
There are studies that have looked at the adoption, acceptance and reluctance to use VR (Fetscherin and
Lattemann, 2008; Hussin, Jaafar and Downe, 2011). One of the many benefits of using VR for medical
training is that the technology enables medical students to train without using real-life patients (Freina
and Ott, 2015; Nickel et al., 2015; Ruthenbeck and Reynolds, 2015). Seretse et al. (2018) noted that in
South Africa medical students use real-life patients to practice diagnosis and treatment of illnesses.
However, there is a high risk of harming real-life patients during the training sessions and hence it is
important to develop and adopt advanced technologies such as VR to increase students’ exposure to
surgical procedures and to decrease the risks to patients (Pelargos et al., 2017).
Based on the above discussion, VR in South Africa is a new concept and, therefore, limited literature
exists from a South African educational perspective. This study investigated what the participants view
on VR use in higher education for medical training is. And in doing so, aimed to add to the limited
literature from a South African educational perspective.
1.3.

Research questions

i.

What is the perceived usefulness of using VR for medical training?
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ii.

What is the perceived effort required to use VR for medical training?

iii.

What are the social factors that can influence the adoption of VR for medical training?

iv.

What are the facilitating conditions for the adoption of VR for medical training?

v.

What are the challenges to the adoption of VR for medical training?

vi.

What could be the solutions to overcome the challenges to the adoption of VR for medical
training?

1.4.

Research objectives

i.

To identify the perceived usefulness of using VR for medical training.

ii.

To identify the perceived effort required to use VR for medical training.

iii.

To identify the social factors that can influence the adoption of VR for medical training.

iv.

To identify the facilitating conditions for the adoption of VR for medical training.

v.

To identify the challenges to the adoption of VR for medical training.

vi.

To propose solutions to overcome the identified challenges.

1.5.

Methodology and theoretical framework used in the study

The study adopted a qualitative research approach and a purposive sampling strategy was used. The
researcher interviewed 12 respondents using semi-structured interviews (refer to Chapter four for a
detailed explanation of the methodology used in the study). The study also adopted the Unified Theory
of Acceptance and Use of Technology (UTAUT) as a framework (refer to Chapter three for a detailed
explanation). In the context of this study, the UTAUT framework was used to identify the perceived
ease of use of VR in medical training and the anticipated benefits related to its adoption. The framework
also served as a guide in identifying the social factors and facilitating conditions that may contribute to
the adoption of VR for medical training in the South African context.
1.6.

Limitations of the study

The study was based on a sample from only one school within the College of Health Sciences at the
University of KwaZulu-Natal (UKZN), namely, the School of Laboratory Medicine and Medical
Sciences. Due to time constraints, potential respondents from the other schools within the College
(School of Clinical Medicine, School of Health Sciences, and School of Nursing and Public Health)
could not be included in the study. The perceptions of the respondents comprising the sample could add
insights into the potential adoption of VR within the context of South African higher education.
1.7.

Overview of the study

This study comprises the following chapters:
5

Chapter one: ‘Introduction to the study’ is an overview of the adoption of VR for medical training and
lists the research questions underpinning the study.
Chapter two: ‘Literature review’ outlines the adoption of VR for medical training and also describes
the uses of VR for treating patients.
Chapter three: ‘Theoretical frameworks’ details the theoretical framework adopted in the study along
with other theoretical frameworks used in information systems research.
Chapter four: ‘Research methodology’ provides a detailed explanation of the research methodology
adopted in the study.
Chapter five: ‘Findings and discussion’ presents and discusses the findings of the study.
Chapter six: ‘Summary, conclusions and recommendations’ concludes the study and provides
recommendations as well as suggestions for further research.
1.8.

Conclusion of Chapter one

This chapter introduced the study. The background, research problem and significance of the study were
outlined along with the research questions and objectives. In addition, the chapter briefly introduced
the theoretical framework and the methodology adopted. The limitations of the study were also
highlighted.
The following chapter (Chapter two) provides a review of the literature pertaining to the use of VR for
medical training and the treatment of patients.

6

CHAPTER TWO: LITERATURE REVIEW
2.1. Introduction
This chapter presents a review of the literature pertaining to the adoption of VR for medical training
from the perspectives of both developed and developing countries. While the focus of the review is on
the use of VR for medical training, it also deals with its use in treating patients. Pouris and Inglesi-Lotz
(2014) noted that higher education and training contribute to economic growth as it enables the creation
of knowledge through research and academic development. Shay (2017) stated that investment in
human capital through higher education has become one of the South African government’s core
strategies to promote economic growth and development.
Tun, Alinier, Tang, and Kneebone (2015) noted that simulation-based training is standardised in
industries like aviation, nuclear power, and the military to maximise training safety and minimise the
loss of human lives. However, the South African medical industry has not fully adopted VR for
simulation-based training for various reasons including cost, the lack of significant proof of effect and
resistance to change (Tun et al., 2015). Hence, limited literature exists on the adoption of VR for
educational and training purposes in the medical field from a South African perspective. The aim of
this chapter is to provide a review of the literature to help understand the VR concept and its applications
in medical training and other contexts.
2.2. The use of VR in simulated medical training
Salam et al. (2016) noted that healthcare professionals and educators recognise that VR systems that
are used in simulated medical education and training can contribute significantly to the medical
discipline by enhancing students and medical professionals’ performance, as well as patients’ safety.
Afkhami (2012) indicated that an expert group of medical educators identified simulation-based
education and training as the optimal method for learning medical procedures. VR is utilised in
simulation-based education to train medical students to become nurses, doctors, or surgeons by creating
a safe environment where students can practice medical procedures (Salam et al., 2016). Similarly, Al
Kuwari (2018) stated that VR provides a danger-free environment to practice medical procedures.
According to Afkhami (2012), VR provides students with the opportunity to practice rare procedures
and diagnostic interventions that are often only read about.
The following section discusses model-driven and instructor-driven VR simulators.
2.2.1.

Model-driven VR simulators

Smith, Navaratnam, Jablenska, Dimitriadis, and Sharma (2015) observed that VR simulators are
sometimes integrated with sophisticated life-like mannequins. They stated that the mannequins are used
7

for respiratory, cardiovascular and pharmacological modelling of drugs to simulate a real-life scenario.
This type of VR simulation system may be referred to as a model-driven VR system (Smith et al., 2015).
Similarly, Lopreiato and Sawyer (2015) observed that some simulators allow clinicians to interact with
the virtual patient as they would in the real world. There are speakers in the mannequin’s head that play
sounds that imitate the way a real patient talks and there are also physical signs from the mannequin to
show that the artificial patient is ‘alive’ such as mimicking a real-life patient’s pulse, breathing,
heartbeat, contraction and dilation of pupils, and urine output (Lopreiato and Sawyer, 2015). Other
authors have also pointed out that VR simulators can be built as automated mannequins designed to
provide realistic physical, auditory and visual stimuli (Gaba, Howard, Fish, Smith and Sowb, 2001;
Friedrich, 2002; Gordon, Oriol and Cooper, 2004; Tun et al., 2015; Omer, 2016).
Lopreiato and Sawyer (2015) stated that the signals created for these mannequins are recorded onto
routine clinical monitors to allow for both simple procedures (non-invasive blood pressure and oxygen
saturation) and complex procedures (pulmonary artery pressure and cardiovascular pressure) to be
conducted. Drugs injected into the mannequin are automatically detected and have appropriate effects
and responses. Students and other users who train using VR-enabled simulations and programmed
mannequins are exposed to different situations that will prepare them for real-world situations
(Lopreiato and Sawyer, 2015). Students can increase the oxygen saturation level and administer fluid
and adrenaline to the mannequins. In this way, students gain experience from the interaction with the
virtual patient (Kothari, Shah, and Barach, 2017; Kodikara, Karunaratne, and Chandratilake, 2019). Tun
et al. (2015) explained that the mannequin’s internal components connect to different types of patient
monitors and medical devices such as anaesthesia machines, ventilators, and defibrillators.
VR mannequins may be used to teach basic sciences such as pharmacology and physiology and could
also be used to teach the management of complex medical cases, including drug administration,
cardiopulmonary resuscitation, endotracheal intubation, tracheostomy, and insertion of chest tubes.
This allows students to practice procedures, make errors and learn from those errors to ensure
competency in the real-world (Tun et al., 2015). Similarly, Rabkin (2002) discussed the situation in the
Harvard Medical School which used a VR simulator to practice bronchoscopy. The simulator assisted
students to develop medical and interpersonal skills. However, due to their complexity, model-driven
VR simulators are costly, both in terms of the purchasing and maintenance costs and, therefore, tend to
be found in specialist medical centres which confine the adoption of the simulators to facilities that can
afford them (Rabkin, 2002; Tun et al., 2015; Casso, Schoettker, Savoldelli, Azzola, and Cassina, 2019).
2.2.2.

Instructor-driven VR simulators

Instructor-driven VR simulator systems are simpler than model-driven VR simulator systems as they
lack the complex programming and mathematical models that the latter are built upon (Lopreiato and
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Sawyer, 2015). Furthermore, the computer software embedded in the instructor-driven VR simulators
produce signals that are displayed on a computer screen rather than on a standard clinical monitor
(Lopreiato and Sawyer, 2015). An instructor (educator, therapist, or medical professional) is required
to interpret and adjust the signals to reflect real-life patient responses (Lopreiato and Sawyer, 2015).
Therefore, no automated responses and detections are made through instructor-driven VR simulator
systems. This makes it more difficult for students to verify the information they have acquired from the
VR-simulated environment because signals must be manually interpreted and, because of human error,
it is not always possible to accurately interpret the information. However, Gaba and De Anda (1998)
stated that instructor-driven VR simulation training was increasingly being considered for medical
training because of its affordability. Similarly, Kothari et al. (2017) and Kodikara et al. (2019) noted
that instructor-driven VR simulator systems are progressively being incorporated within the educational
syllabus in developed countries and some developing countries such as Nigeria and Malaysia because
they are cost-effective.
2.3. The use of VR simulations to promote skills development
With the evolution of technology, simulations are beginning to support students’ attainment of medical
skills including communication, surgical, diagnostic and radiography analysis (Grantcharov et al.,
2004; Lopreiato and Sawyer, 2015; Tun et al., 2015; Kothari et al., 2017; Casso et al., 2019; Kodikara
et al., 2019). Several authors have noted that medical students are trained using clinical simulations that
mimic the real-world environment to ensure that they learn and retain sufficient knowledge which is
then transferred to the real-world (Chaudhry, Sutton, Wood, Stone and McCloy, 1999; Grantcharov et
al., 2004; Lopreiato and Sawyer, 2015; Tun et al., 2015; Kothari et al., 2017; Casso et al., 2019;
Kodikara et al., 2019).
2.3.1.

The use of MIST-VR for skills development

Chaudhry, Sutton, Wood, Stone and McCloy (1999) found that MIST-VR, a VR surgical simulator,
enabled students and surgeons to gain surgical skills because they received feedback from the errors
they made in the simulated environment. Similarly, Wilson, Middlebrook, Sutton, Stone and McCloy
(1997) contended that MIST-VR provided a new way of training and assessing surgical skills
acquisition as compared to the traditional way where students had to utilise training boxes which
contained inanimate objects. In the traditional training environment, medical students had to manipulate
inanimate objects using physical instruments (Wilson et al., 1997; Baby, Srivastav, Singh, Suri, and
Banerjee, 2016; Vaughan, Dubey, Wainwright, and Middleton, 2016). However, in the VR
environment, these inanimate objects are not needed.

9

MIST-VR creates a medical VR avatar using a patient’s image, separates an individual’s organs and
tissues from the body and thereafter displays the reconstructed 3D anatomy on a monitor or other VR
display device for students to manipulate (Satava and Jones, 2000; Baby et al., 2016). However,
Torkington, Smith, Reest and Darzi (2000) and Vaughan et al. (2016) noted that the MIST-VR
simulator has no haptic interface, meaning that there is no feedback from the instruments and/or objects
when they make contact. This simply translates to its inefficiency to maintain an immersive ‘feel’ in
the VR environment. According to Playter and Raibert (1997), haptic feedback may be defined as the
sense of touch between the user and the virtual environment. Playter and Raibert (1997) added that
computer programs used in a VR system should be able to detect when virtual objects touch each other
and with what force they do so to ensure that the feeling of being physically present in the VR
environment is maintained.
A study conducted with medical students who used the MIST-VR system for basic surgical skills
training found that they displayed fewer errors and completed more surgical tasks efficiently when
compared to students who did not use the system (Chaudhry et al., 1999). Similarly, Hamilton et al.
(2002) discovered that students who used MIST-VR for training demonstrated improvements when
performing real surgical operations. Al Kuwari (2018) also found that students who learned technical
skills from both simple interfaced simulators and from VR systems that have complex interfaces (such
as MIST-VR) had shown a transfer of skills to real-life surgical operations.
A number of other studies have shown a transfer of learning and skills acquisition from the VR
simulated environment to real-life surgical operations in the operating room (OR) (Westwood,
Hoffman, Stredney and Weghorst, 1998; Gallagher, Richie, McClure and McGuigan, 2001; Hamilton
et al., 2002; Hyltander, Liljegren, Rhodin and Lönroth, 2002; Seymour et al., 2002; Grantcharov et al.,
2004; Lopreiato and Sawyer, 2015; Tun et al., 2015; Baby et al., 2016; Vaughan et al., 2016; Kothari
et al., 2017; Al Kuwari, 2018; Casso et al., 2019; Kodikara et al., 2019). In contrast, Ahlberg et al.
(2002) found no improvements in students’ surgical skill acquisition and learning retention after three
hours of using MIST-VR for training. However, in this instance, students were using the MIST-VR for
the first time and had difficulties understanding the design (interface) of the VR system. As a result,
they did not utilise it effectively. Furthermore, McGrath et al. (2018), referring to haptic feedback,
stated that it allows residents to ‘feel’ a physical object and to manipulate it in a realistic manner and
that without such feedback residents would not be aware of the amount of force they are applying to a
scalpel or the tissue resistance they would normally encounter during a surgical procedure. A lack of
haptic feedback illustrates a major hurdle for the adoption of VR for medical training (McGrath et al.,
2018).
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2.3.2.

The use of VR in simulated medical training to enhance skills development

A VR system, Anatomic VisualizeR, was developed at the University of California for medical students
(Hoffman et al., 2001). This VR system contained several 3D anatomic models and allowed students to
virtually dissect the models. A similar virtual anatomy project, 3D Human Atlas, was developed in
Japan to assess students’ understanding of human anatomy (Mazziotta et al., 2001). VR systems that
focus on human anatomy allow students to gain experience and receive real-time feedback (Hoffman
et al., 2001). Similarly, Reznek, Rawn and Krummel (2002) found that VR enhances medical training
by standardising such training and providing students with the opportunity to repeat tasks until
competency is reached.
Some authors have emphasised that advanced surgical VR systems for training purposes must provide
feedback mechanisms to improve the learning of medical skills (Asano, Yano and Iwata, 1997; Tseng,
Lee, Chan, Wu and Chiu, 1998; Ottensmeyer, Ben-Ur and Salisbury, 2000; Smith et al., 2015). Smith
et al. (2015) stated that training devices (such as VR devices) that have feedback mechanisms tend to
improve skills acquired in the virtual environment and may, therefore, lead to a transfer of training to
the real-world. Similarly, both Issenberg et al. (1999) and Pulijala, Ma, and Ayoub (2017) noted that
an effective VR simulation exposes a student to life-like situations in the virtual environment and
provides real-time feedback on decisions, actions and questions to assist the student to learn and
successfully retain information and skills acquired from that environment. Subsequently, this leads to a
transfer of knowledge and skills to the real-world (Issenberg et al., 1999; Pulijala et al., 2017).
Tendick, Downes, Cavusoglu, Gantert and Way (1998) developed a laparoscopic camera and
cholecystectomy VR simulations that were graphics-driven to provide real-time feedback. Studies that
investigated the use of these simulators concluded that there were several differences (including surgical
techniques and levels of comprehension) between experienced and novice surgeons because
experienced surgeons were familiar and accustomed to the surgical process (hands-on experience),
unlike inexperienced surgeons who simply had theoretical exposure to the process. These studies
reported improvement in students’ competency because of the VR training over time (Westwood,
Hoffman, Stredney and Weghorst, 1998; Weghorst, Airola and Oppenheimer, 1998; Gorman, Lieser
and Murray, 1999; Lopreiato and Sawyer, 2015; Smith et al., 2015; Tun et al., 2015; Baby et al., 2016;
Vaughan et al., 2016; Kothari et al., 2017; Pulijala et al., 2017; Al Kuwari, 2018; Casso et al., 2019;
Kodikara et al., 2019).
Hamza-Lup, Bogdan, Popovici and Costea (2019) observed that several companies in the United States
of America (USA) have developed integrated systems that have defined training simulations. One
example, LAP Mentor, is a laparoscopy VR simulator that enables concurrent practice for one student
or a group of students. The VR system allows residents and/or surgeons to improve their laparoscopic
skills and knowledge by practicing laparoscopic surgical procedures. Another USA developed system,
11

Virtual Endoscopic Surgery Training System One (VSOne), gives feedback using three haptic devices
(for example, joysticks, mice, motion-sensing gloves, stylus, or a fingertip cover) and a virtual
endoscopic camera. VSOne’s components provide an optimally simulated learning environment similar
to a real-life situation. It contains two built-in application modes, that is, VSOne Cho and VSOne Gyn.
VSOne Cho mode is used for laparoscopic cholecystectomy training while VSOne Gyn mode is used
for laparoscopic gynaecological procedures (Hamza-Lup et al., 2019). Hamza-Lup et al. (2019) stated
that the benefits of using the VSOne system include a reduction in the time and cost of training.
Hamza-Lup, Rolland and Hughes (2018) argued that VR can be used to safely train medical
professionals (doctors, residents, nurses, and paramedics) on cardiopulmonary resuscitation (CPR).
Similarly, Semeraro et al. (2019) noted that a VR environment was being used for CPR training in the
USA to create a comprehensive learning platform for basic life support and automated external
defibrillation training. The VR-CPR system uses a VR headset and a tracking system allowing the user
to interact with the environment using motion-sensing VR equipment (Semeraro et al., 2019). In the
VR environment, a patient suffering from cardiac arrest is virtually replicated with a high graphical
realism imitating critical, real-life clinical signs and reactions. During a cardiac arrest situation, a user
(for example, a resident, doctor or nurse) is able to check the patient’s condition to begin the
resuscitation process. The tracking system accurately estimates the virtual patient’s chest compression
quality (CPR parameters) to measure correct chest compression rate (CCR) and depth (CCD) compared
to a standard physical mannequin used for training (Semeraro et al., 2019).
Bing et al. (2019) conducted a study in Zambia using VR to train residents to enable them to acquire
the cognitive skills, sensory alertness and knowledge needed to perform a radical abdominal
hysterectomy (RAH) (a surgical procedure for the treatment of early-stage cervical cancer). The study
was conducted with ten surgical trainees who were randomly assigned to either VR training or standard
training. The findings showed that the residents who were assigned to VR training made fewer errors,
performed the procedure faster, and required approximately half the time to reach an intermediate skill
level of a skilled surgeon when compared to residents assigned to standard training. The authors
concluded that the acquisition of knowledge and skills from VR training could result in a transfer of
knowledge and skills to the real-world (Bing et al., 2019).
2.4. The use of VR simulations for emergency situations
Simulation-based training is also utilised to train emergency medical (EM) personnel. This type of
training allows the EM personnel to gain exposure to disaster situations. The exposure prepares EM
personnel to deal with both physical and emotional stresses (Andreatta et al., 2010). Freeman et al.
(2001) conducted a study on the training of EM personnel using a VR laboratory built around the Simple
Triage and Rapid Treatment (START) program. The authors concluded that students acquired,
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improved and maintained skills over time as a result of using a replicated VR emergency environment
(Freeman et al., 2001). Lopreiato and Sawyer (2015) stated that VR-enabled medical tasks can be
created on-demand to allow for skills to be acquired from the continuous practice of the tasks in the VR
emergency environment. Doing so may result in an increase in students’ information retention and
performance accuracy. Roy, Sticha, Kraus and Olsen (2006) also found that educational VR programs
developed for training students on bioterrorism showed improved learning retention and performance
accuracy. Similarly, Hu, Shao, Ye and Jin (2019) noted that VR enhances the ability to learn through
experience. However, Roy et al. (2006) pointed out that although VR simulations enhanced learning of
medical procedures, they were expensive to adopt on a wide scale and, therefore, could only be used to
train a relatively small number of students.
2.5. The use of VR for patients’ rehabilitation
VR is used for therapeutic and rehabilitation purposes (Weiss and Jessel, 1998; Glanz, Rizzo and Graap,
2003; Zimand et al., 2002; Rizzo, Schultheis, Kerns and Mateer, 2004; Fridhi et al., 2018). VR offers
the capability of customising treatment for effective therapy (Zimand et al., 2002). In this regard, VRenabled interventions can be designed to meet the patients’ needs. Sveistrup et al. (2003) noted that
some VR systems assist with rehabilitation by allowing the user (patient or therapist) to interact with
the virtual environment in real-time to gain feedback. This helps the user to learn how to employ
treatments effectively for successful rehabilitation (Sveistrup et al., 2003). Similarly, Gambhir,
Narkeesh and Arumozhi (2017) stated that VR-based interventions that incorporate real-time graphics
and imaging technology, allow patients to experience various visual and auditory stimuli in the virtual
environment suited to their rehabilitative needs. The visual and auditory stimuli allow patients to learn.
Sohlberg and Mateer (2001) emphasised that real-time feedback is an essential component for most
forms of learning or skill acquisition within the context of patients’ rehabilitation. VR simulators allow
students to interact with the virtual patient, and to administer therapy to the patient as they would in the
real environment (Lopreiato and Sawyer, 2015). The Emergency Care Simulator (ECS), GestureTek,
Human Patient Simulator (HPS), MedSim Patient, and the PaediaSim are examples of commercially
available VR systems used for rehabilitation purposes (Glegg, Tatla and Holsti1, 2014; Seretse et al.,
2018).

2.5.1.

Applications of VR for therapeutic treatment and rehabilitation

Dr Brennan Spiegel, a pioneer of VR in the healthcare sector in the USA, experienced the positive
impact of using VR for therapeutic treatment (Tashjian et al., 2017). Dr Spiegel investigated how
technologies like smartphone applications, VR, wearable biosensors, and social media can improve
health outcomes. His team was successful in using VR to help patients reduce high blood pressure
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(Tashjian et al., 2017). Dr Spiegel tailored the VR environment to educate patients on the effects of
consuming food containing high levels of salt by showing them images of the food. Subsequently, the
VR environment immersed the patients in the human body to show and educate them on the impact of
higher salt intake (Tashjian et al., 2017).
Dascal et al. (2017) detailed that using VR for treating patients could lead to a decrease in patients use
of pain relievers such as morphine. This was because the VR environment when compared to the preVR-enabled treatment, can help patients focus less on the pain they are experiencing thereby reducing
the amount of morphine intake required for pain relief (Dascal et al., 2017). Dascal et al. (2017) further
elaborated that using VR for therapy gives patients the motivation to get better by showing them life
outside the hospital which, in turn, motivates them to continue with therapy so that they may return
home sooner. In a similar vein, Burdea (2002) stated that using VR for therapy enhances patients’
rehabilitation experience.
Kizony, Katz and Weiss (2003) conducted a study on two individuals with different conditions who
used the same VR system for rehabilitation. Both respondents had issues with mobility. The first
individual had a spinal cord injury requiring the use of a wheelchair while the second had a right
hemispheric stroke and walked with a cane due to poor control of foot movement and poor standing
balance (Kizony et al., 2003). The authors discovered that as sessions with the VR system progressed,
both individuals began to maintain body balance much longer and they reported enjoying using the VR
environment which motivated them to continue the therapy (Kizony et al., 2003). Similarly, Burdea
(2002) stated that one of the advantages of using VR for rehabilitation and therapy is the increase in
patient motivation to persist with the therapy.
However, due to their complexity VR systems are very expensive, specifically because of the
purchasing, operational and maintenance costs and, therefore, often located in specialist or private
medical facilities (Maran and Glavin, 2003). In contrast, Parsons and Rizzo (2008) observed that VR
systems have become increasingly available, less costly and user friendly when compared to their initial
adoption. Similarly, Elliman, Loizou and Loizides (2016) noted that the Google Cardboard VR device
is cost-effective and has limited hardware restrictions, thus making it easier for students and other users
to access healthcare training without having to commit to formal training at a brick and mortar
institution. Cost-effective devices and systems are making the adoption of VR for medical training a
possibility (Elliman et al., 2016).
2.6. The use of VR to treat medical conditions
Although the use of VR to treat medical illnesses is not part of the scope of this study, it is worth
presenting the literature pertaining to this type of use. Doing so stems from the fact that medical
students need to be aware of the various ways in which they can assist their patients, not only to recover
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from an illness but also to lead healthy lifestyles post-hospitalisation. Patients are also required to learn
and retain knowledge. In addition, medical professionals such as doctors and surgeons would also
undergo medical training and they too would want to know the benefits that VR could provide to their
patients. Hence, the following section depicts the benefits of using VR with patients

2.6.1.

The use of VR to treat patients with cerebral palsy

According to Witmer and Singer (1998) a VR system, VIVIDGX, was used to provide leisure
opportunities to adults with cerebral palsy and severe intellectual disabilities. The respondents were
unable to speak and used wheelchairs for mobility (Witmer and Singer, 1998). It was found that the
respondents’ demonstrated enthusiasm during the VR experiences by reacting with appropriate, goaloriented responses to assist with mobility (Witmer and Singer, 1998). In this case, VR provided
simulated exercises that helped patients with cerebral palsy to stretch and strengthen their leg muscles
to alleviate pain. However, Weiss, Bialik and Kizony (2003) in a study which also used the VIVIDGX
VR system, found that a small number of the respondents with cerebral palsy displayed involuntary
movement synergies, increased reflexes and non-adaptive postures, which were attributed to the level
of task difficulty in the VR environment. The complexity of the VR environment hindered patients’
ability to learn and practice how to walk after surgery (Weiss et al., 2003; Fuertes Muñoz, Mollineda,
Gallardo Casero, and Pla, 2019).
2.6.2.

The use of VR to treat patients with orthopaedic illness

Yano, Kasai, Saitou and Iwata (2003) stated that a motion interface, GaitMaster2 (GM2), was developed
to provide the user with the sense of forward movement even though his or her actual position was
constant in the physical environment. The GM2 was tested with two individuals with semi-paraplegia
(Yano et al., 2003). The results showed that the respondents displayed moderate improvements in
walking speed, improvements in leg muscle activity, and increased body symmetry and balance.
Similarly, Fung et al. (2004) and Kimel-Naor, Gottlieb, and Plotnik (2017) stated that the results from
two experimental VR sessions with a patient who suffered from complete paraplegia showed that the
respondent demonstrated improvements in self-confidence, higher levels of optimism and motivation
as well as increased relaxation. The patient also showed further improvements in mobility (Fung et al.,
2004; Kimel-Naor et al., 2017).
2.6.3.

The use of VR to treat stroke patients

Piron, Cenni, Tonin and Dam (2001) used VR to assess progress towards functional movements of a
group of 20 post-stroke patients undergoing rehabilitation. The respondents were required to move an
envelope equipped with a magnetic receiver to a virtual mailbox. The authors found that the respondents
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showed improvement in velocity and upper body voluntary movements (Piron et al., 2001). Holden and
Dyar (2002) conducted a study on eight chronic post-stroke patients with a VR training system
embedded with pre-recorded movements of the upper body region and a virtual teacher. The results
showed that the respondents demonstrated improvements in the upper body region functioning
including upper body strength (Holden and Dyar, 2002). Boian et al. (2002) described how a VR system
equipped with a VR glove was used to rehabilitate four post-stroke patients in the chronic phase of the
illness. Each of the patients had to perform a variety of VR exercises (regarding motion, speed, and
strength) to reduce damages in their fingers. The results showed that three of the four respondents had
an increase in their thumb movement and finger speed. The respondents also displayed a consistent
increase in finger strength up to a month after the VR therapy sessions were completed (Boian et al.,
2002).
Similarly, Holden, Dyar, Schwamm and Bizzi (2005) described how a VR laboratory conducted with
stroke patients demonstrated positive results for restoring the speed and strength of hand movement.
Patients’ demonstrated complete use of their hands for simple daily activities after the therapy was
completed (Holden et al., 2005). This indicated a transfer of learning from VR environments to reallife situations (Jack et al., 2001). Similarly, Brooks et al. (1999) reported success in treating a stroke
patient using an error-free VR training approach for rehabilitation that produced a positive transfer of
learning to the real-world. However, Harrison, Derwent, Enticknap, Rose and Attree (2002) reported
mixed results regarding learning retention associated with the use of stimuli in a VR system designed
to train mobility and route finding for motorised wheelchair users. This was because the virtual stimuli
were reported to be difficult to understand and prolonged sessions were required to become accustomed
to them.
Burdea (2002) pointed out that VR systems were not designed as medical equipment and some
therapists, therefore, found it difficult to use them. Burdea (2002) further pointed out that some VR
equipment posed usability constraints and could not accommodate all the patient’s needs. Patients that
underwent hand surgery or suffered a stroke, for example, had difficulty wearing VR motion-sensing
gloves that were designed for people who had not undergone surgery. The feedback equipment that was
mandatorily worn by patients who were treated using VR, can cause usability constraints by decreasing
the naturalness of the VR interaction in the virtual environment (Burdea, 2002). According to Elliman
et al. (2016), the possibility of adopting VR for medical training would be greater if VR systems that
are used for training medical students and healthcare professionals incorporated medical information
such as symptoms of diseases or physical behaviour of patients suffering from certain conditions and
diseases. This would enable students to gain additional knowledge from the virtual environment.
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2.6.4.

The use of VR to treat patients with cancer

Zeng, Zhang, Cheng, Cheng and Wefel (2019) conducted a meta-analysis of six cancer-related studies.
Participants from all six studies were adult cancer patients or survivors. The studies focused on VR
interventions that included both immersive and non-immersive aspects and the duration of the
therapeutic interventions differed from 30 minutes to four months. All the studies examined the effects
of VR-based interventions on health-related outcomes, including anxiety, depression, fatigue, pain
reduction, cognitive function, and physical fitness after radiotherapy or chemotherapy. The findings
showed that VR-based interventions improved patients’ emotional, cognitive and physical well-being.
There was also improvement in cancer-related symptoms of fatigue. The findings also showed that other
cancer-related symptom management issues such as anxiety, depression, pain and cognitive dysfunction
improved through the use of VR-based interventions.
However, because of the small sample sizes of the studies that were used for the meta-analysis, there
were no statistically significant differences (Zeng et al., 2019). Kim, Chun, Kim and Park (2011) noted
that when compared with traditional symptom-management interventions in cancer treatment, VRbased interventions such as VR-based cognitive training can allow cancer patients to learn how to cope
with their cancer-related symptoms. VR-based interventions offer real-time feedback on patient
performance. Treatment can be adjusted to the difficulty level to suit patient needs. Similarly, Gambhir,
Narkeesh and Arumozhi (2017) stated that VR-based interventions incorporate real-time graphics and
imaging technology, thus allowing patients to experience various visual and auditory stimuli in the
virtual environment suited to their rehabilitative needs. The visual and auditory stimuli allow patients
to learn how to cope with their cancer-related symptoms.
2.6.5.

The use of VR for pre-operative planning

Yule, Flin, Paterson-Brown and Maran (2006) stressed that pre-operative planning is important to
ensure that medical professionals are prepared for surgical operations. Hu et al. (2019) noted that preoperative planning is a difficult task which requires knowledge and rational thinking to decrease
complications during surgery. Pre-operative planning entails the surgical team discussing their
respective duties prior to entering the OR (Yule et al., 2006). Yule et al. (2006) further noted that several
ORs rooms utilise a surgical safety checklist of questions for each team member to answer before a
procedure begins. In this way, each team member is aware of and is prepared for, his or her role in the
team. The goal of the checklist is to avoid errors and to improve patient safety during surgery. However,
training students on this aspect of surgery, called the surgical time-out, can be difficult. VR could,
therefore, be utilised to ensure that students are fully aware of their responsibilities as a team prior to
the operation without the use of a checklist. VR could be used in this regard as a valuable, standardised
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method of improving communication amongst medical team members and patient safety (Yule et al.,
2006).
Similarly, Rabkin (2002) discussed how a VR simulator can assist students to develop medical skills
including communication skills prior to interacting with a real-life patient. Hu et al. (2019) emphasised
that communication between doctors and patients is vital. The authors pointed out that in most medical
situations there is a lack of communication between patients and doctors because patients and their
families lack the understanding of medical jargon and hence lack understanding of the medical
procedures (Hu et al., 2019). VR can, therefore, promote communication between those with insight
and knowledge (doctors) and those seeking understanding (patients and their families). Patients and
their families will have more understanding of the operation process if medical professionals use VR to
simulate the operation during the pre-operative conversation phases with the patient (Hu et al., 2019).
Moline (1995) noted that VR could be used to enhance the way medical professionals (for example,
surgeons, therapists and residents) plan for medical procedures before a surgical operation. Similarly,
Hu et al. (2019) stated that surgeons or residents training to be surgeons can utilise VR pre-operative
patient simulations to determine the optimal surgical procedural method. The authors suggested that
pre-operative surgical planning using VR provides more realistic predictions for surgical results (Hu et
al., 2019).
2.7. The use of VR to treat phobias
Wiederhold et al. (2002) stated that VR is used to assist patients with severe phobias or post-traumatic
stress disorder (PTSD) symptoms. Similarly, other authors have noted that VR can be used as a part of
therapeutic treatment to deal with phobias by exposing patients to graphic simulations of their fears or
phobias such as fear of heights, fear of flying in aeroplanes, fear of public speaking, as well as chronic
PTSD (Burdea, 2002; Hoffman, 2004). Burdea (2002) found that the prolonged use of VR therapy to
treat Vietnam War veterans led to a reduction in PTSD symptoms. Similarly, Hoffman (2004) found
that some patients showed a significant and stable reduction in their PTSD symptoms and depression
after continuous treatments using VR simulations. Beck, Palyo, Winer, Schwagler and Ang (2007)
conducted a study on treating PTSD symptoms after a road accident using VR. The results showed that
a majority of the respondents demonstrated a reduction in their PTSD symptoms over a ten-week period.
Similarly, McLay et al. (2011) in their study on patients suffering from PTSD, found that the patients
showed clinical improvement, that is, a reduction in the severity of their PTSD symptoms after several
weeks of treatment using VR. However, Beck et al. (2007) established that although most patients
showed a reduction in their PTSD symptoms, there were some who did not manifest any change before
and after the VR-enabled treatment sessions. The authors indicated that the VR environment must
improve the learning process by motivating users (trainers, therapists, and patients) to utilise it (Beck
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et al., 2007; Maples-Keller, Yasinski, Manjin, and Rothbaum, 2017). In addition, the benefits derived
from using a VR environment must outweigh the cost of purchasing or developing a VR system to
ensure the wide-scale utilisation of VR for treatment and therapy. Krijn, Emmelkamp, Olafsson and
Biemond (2004) stated that VR environments should be immersive. Patients need to feel a sense of
presence in the virtual environment to enhance their therapeutic treatment experience. The term
‘presence’ is theorised as the belief that the virtual environment is real (Krijn et al., 2004). Beck et al.
(2007) and Maples-Keller et al. (2017) stated that ‘presence’ in the virtual environment may be defined
as objects, events, entities, and environments within VR that makes the virtual experience ‘real’.
2.8. The use of VR by patients and healthcare providers
As mentioned above, some medical procedures are complex and although medical professionals can
explain the procedure to patients, patients often find it difficult to understand the procedures they
undergo. Hence, by using VR medical professionals would be able to better explain medical procedures
to their patients. Patients who find it difficult to understand the technical aspects of a medical procedure
will, therefore, use VR to assist them in understanding these technical terminologies (Johnson,
Liszewski and McGuffin, 2018). Additionally, healthcare providers such as hospitals (private and
public) and other healthcare facilities (for example, clinics) could utilise VR to train their staff and assist
their patients in understanding complex medical procedures (Aziz, 2018).
2.8.1.

The use of VR to teach patients

Bickmore, Pfeifer and Jack (2009) and Haldar, Mishra, Khelifi, Pollack, and Pratt (2019) stated that
some patients find post-hospital discharge difficult because they are bombarded with too much
information about check-up dates, medicine times and periods of use, and over the counter medicine
purchases. The discharge process is even more complex for patients who have difficulty reading and
following basic written medical instructions (also known as inadequate health literacy) especially those
coming from rural areas to seek treatment in urban hospitals (Bickmore et al., 2009; Haldar et al., 2019).
A medical research team at Boston Medical Centre developed an automated VR system that teaches
patients about their post-discharge schedule while they are still in their hospital beds. The VR system
comprises an animated virtual nurse (VN) which represents best practices in health communication for
patients with inadequate health literacy. The VN is set up on a mobile kiosk with a touch screen display
(an Internet of things (IoT) device) that can be positioned in front of patients while they are in bed.
The VN spends approximately thirty minutes with each patient, reviewing the layout and contents of a
patient-specific after hospital care plan booklet that is given to them and which contains their medical
information. The paper booklet is given to patients before their conversation with the VN, and the VN
reviews a digital version of the booklet in the interface so that patients can follow along with the agent’s
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explanation in their paper booklets (Bickmore et al., 2009; Zhang and Bickmore, 2018). Johnson et al.
(2018) conducted a study on the use of VR for the education of patients who had limited knowledge of
radiotherapy treatment procedures. The authors noted that patient education for radiation therapy was
traditionally delivered by verbal or written methods and that these traditional educational methods did
not provide a thorough understanding of the technical aspects of the radiotherapy treatment. The study
found that when compared to traditional educational methods, using VR improved existing teaching
methods, increased understanding of the radiotherapy treatment and decreased the anxiety that patients
were experiencing (Johnson et al., 2018).
2.8.2.

The remote use of VR by healthcare providers

Rodrigues et al. (2018) noted that in developed countries such as the USA and the United Kingdom
(UK), remote health monitoring technologies are adopted by doctors for patient home care and hospital
environments. These technologies remotely monitor the nurse responsible for communicating in realtime with patients or parents/close family members of the patient thereby decreasing the doctor’s time
spent on a patient. This enables doctors to treat more patients, a decrease in hospital costs and an
improvement in the quality of healthcare. Similarly, Hussein, Burbano-Fernandez, Ramírez-González,
Abdulhay and De Albuquerque (2018) stated that in the USA, cloud-based virtual medical systems are
used for monitoring patients suffering from chronic illnesses (for example, cardiovascular disease and
cardiopulmonary disease) and living in rural areas where they cannot seek prompt medical services.
Remote healthcare monitoring is performed by systems that obtain medical data from the patient
needing remote assistance. These VR system applications include a user interface (smartphones, tablets,
and computers), a data collector (biosensors), and Internet connectivity. VR systems are generally
integrated with the IoT, mobile computing and cloud storage (Aziz, 2018).
Aziz (2018) stated that EcoHealth is a middleware IoT-platform that connects patients, healthcare
providers, and devices. It is a web-based platform that allows for data management and aims to simplify
and standardise IoT application development, addressing issues like interoperability between different
devices. U-Healthcare is another healthcare system that collects medical data, processes it, and stores it
in the cloud for remote access (Aziz, 2018). However, Hussein et al. (2018) argued that storage and
transfer of medical data (for example, acquired vital sign data, biomedical videos, or images) between
doctors can subsequently lead to several concerns related to the patient’s privacy.
Remote surgery can be done effectively even though the surgeon is not in close proximity to the patient.
The simulated medical procedure in the virtual environment is transmitted to a robotic instrument that
mimics the surgeon’s actions (Aziz, 2018). Surgeons can execute non-invasive remote surgery, surgical
pre-operative planning, surgical preparation and practice, image-guided surgery and surgery simulation
using a virtual surgery console. VR surgical simulation was developed to conduct minimally invasive
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surgery (MIS) which encompasses carrying out operations through minimal incisions with the surgeon
controlling robotic arms (Aziz, 2018).
Currently, VR systems can run on personal computers (for example, U-Healthcare) thus reducing their
implementation cost. Hence, based on the above studies, the researcher believes that VR can be used
by healthcare providers (public and private healthcare facilities) to remotely assist their patients, train
staff and improve the quality of healthcare while also reducing costs associated with travelling to
patients residing in rural areas.
2.9. Use of the IoT in conjunction with VR in the medical industry
Cecil, Gupta, Pirela-Cruz and Ramanathan (2017) observed that there is growing interest in discovering
IoT devices that can be used in healthcare. The IoT is an evolving area and can be described as a
network-based approach that supports interaction and data exchange between sensors (also known as
things) embedded in physical devices linked through the Internet (Cecil et al., 2017). These ‘things’
collaborate with other physical devices through the use of cyberinfrastructure (Cecil et al., 2017;
Istepanian, Hu, Philip and Sungoor, 2011; Jia, Wang, Guo, Gu and Xiang, 2017; Long and Hoang,
2017; Santamaria, Serianni, Raimondo and De, 2016; Seymour et al., 2002; Xu et al., 2014). In
healthcare, the IoT is termed the Internet of medical things (IoMT). The IoMT can be used in remote
medical supervision of chronic patients resulting in improved healthcare for patients in rural areas
(Cecil, Xavier-Cecil and Gupta, 2017; Jia et al., 2017). The IoMT includes designing a robotic device
to provide mobility rehabilitation for the elderly (Long and Hoang, 2017) and developing a system to
collect, integrate and access patient information to support medical emergencies (Xu et al., 2014).
Rodrigues et al. (2018) stated that the IoMT is a network architecture that allows the connection
between a patient and healthcare facilities, for example,

electronic health systems for

electrocardiography (commonly known as ECG which is a non-invasive method to record electrical
activity in the heart using electrodes placed on the skin), heart rate, electroencephalography (commonly
known as EEG which is a non-invasive monitoring method to record electrical activity in the brain),
diabetes and several other medical monitoring systems based on biomedical sensors including pulse
rate, blood oxygen levels, body temperature, blood glucose levels and blood pressure. The IoMT is
accessible through the use of computers, smartphones and smartwatches. Similarly, Hussein et al.
(2018) stated that wearable wireless biological sensors that are attached to a patient’s body (using elastic
straps, skin electrodes or smart fabrics) are used by patients for cost-effective, real-time, cloud-based
monitoring. Similarly, Imani et al. (2016) observed that these wearable wireless sensors provide
reliable, fast and high-quality medical services, which are continually available. This is beneficial to
patients residing in rural areas and who require medical services urgently.
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Haleem, Javaid and Khan (2019) noted that the IoMT is currently used in the USA for training
orthopaedic surgeons and has a significant impact on medical education and clinical outcomes. The
authors found that implementing IoMT resulted in a significant improvement in medical education,
training and performing orthopaedic surgery. The IoMT will support the “management of all
orthopaedic tools, instruments, implants and devices for proper and efficient running” (Haleem et al.,
2019, p. 7). Hu et al. (2019) conducted a study of a VR system combined with an advanced tracking
system which was used to display a patient’s anatomy and surgical plans within the operating theatre in
real-time. A surgeon using a VR head-mounted display could see a 3D model of the patient’s liver or
heart structure above the incision site (the intended area to ‘cut’ during surgery), thereby improving the
surgeon’s action and view of the area for operation. Results from the study indicated that using VR with
tracking systems shortened operation times and improved efficiency (Hu et al., 2019).
Zhang, Park and Biyi (2019) stated that in the USA, VR and motion-sensing devices are being used for
immersive and interactive training and physical exercise. Some VR systems capture user movements to
inform sensory stimuli displayed to the user via the head-mounted display (HMD) to create an illusion
of being immersed in the VR environment, therefore, resulting in user interaction with the virtual
environment. Information about user movements can be captured using an IoMT sensor attached to or
integrated into VR motion sensing devices that are used by the user (Zhang et al., 2019). An HMD
device comprises a processor linked to a storage memory containing instructions which, when executed
by the processor, causes the processor to analyse captured user movements to create an analysis of user
movement information and to create a VR environment in which the analysed information is displayed
(Zhang et al., 2019).
2.10.

Implementation of the IoT in South Africa (non-VR related)

Although this section does not relate to the adoption of VR at a South African educational institution,
it was included to enrich the study and to show the attempts made by the South African government to
deliver eHealth systems to South African citizens.
Mehl, Tamrat, Bhardwaj, Blaschke and Labrique (2018) stated that MomConnect is a rare example in
South Africa of a nationally scaled and government-supported electronic health initiative. Some of the
core system functionalities of MomConnect include registration of pregnant women, targeted
communication (based on pregnancy stages) and an interactive help desk for pregnant women to provide
feedback on the quality of services received or to try to find additional information and/or support. The
targeted communication encourages pregnant women to visit healthcare facilities for regular check-ups
and, post-delivery, to attend to critical new-born care, for example, infant feeding, immunisations and
hygiene (Mehl et al., 2018).
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Although MomConnect is not a virtual system, the South African government was able to invest in the
technological initiative by analysing the South African market, for example, MomConnect enrolment
is dependent on access to a mobile phone, of which 89 percent of South Africans are estimated to have
(Mehl et al., 2018). Consideration was given to how the national investment in MomConnect could be
leveraged in a gradual manner as an initial investment towards an interoperable national health
information system. MomConnect consists of a technical architecture that includes a master patient
index (Open Enterprise Patient Index), a medical record system (OpenMRS), a master facility index
and a health management information system (District Health Information System 2), along with an
interoperability layer for exchanging data between the various systems (Mehl et al., 2018).
Additionally, MomConnect shifted an existing paradigm of targeting messages to a group of people
with only knowledge of their phone number, to one where clients were formally registered by health
workers, allowing both remote and in-person services to be delivered to them. System interoperability
allows MomConnect to serve as a component of a health service package that combines both digital
and face-to-face services (Mehl et al., 2018). Mehl et al. (2018) noted that the extensive investment in
digital health architecture prior to deploying MomConnect laid the foundation for future capabilities
such as VR.
2.11.

Integration of artificial intelligence with VR in the medical industry

Artificial intelligence (AI) and machine learning technologies (for example, robotics) contribute
significantly to various areas of healthcare such as remote surgery and VR (Zhang et al., 2019). Yu et
al. (2019) noted that the combination of VR and AI can enhance healthcare training. An AI system can
record the number and analyse the behaviours of students after virtual learning. Subsequent to the
analysis, the AI system can provide additional corresponding training for the students to ensure teaching
and training effectiveness. Before the next training session, the AI system can provide each student with
a review of their training to identify their weaknesses. Educators can also obtain a report containing
analyses of student training data and statistics (Yu et al., 2019). With regard to surgery, Aziz (2018)
noted that surgeons use a virtual surgery console which provides real-time feedback during surgery.
The use of VR surgical simulation and AI-based real-time feedback was developed to conduct
minimally invasive surgery (MIS) with the surgeon controlling robotic arms to operate on the patient
(Aziz, 2018).
Rosenthal, Das, Hsueh, Barker, and Chen (2020) pointed out that the IBM Watson Care
Manager system is a USA-based AI cloud-based healthcare management solution which assists
healthcare facilities to focus on healthcare for individuals. Healthcare teams (dedicated healthcare
managers to check on home-based patients, nurses and on-call doctors) from the healthcare facilities
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(clinics and hospitals) capture and evaluate structured and unstructured medical information, select
specific medical programs tailored to a patient’s needs, and create healthcare plans based on the medical
program a patient is undergoing (Rosenthal et al., 2020). The IBM Watson Care Manager system
enhances data management, improves drug identification methods, and allows medical professionals
(doctors, nurses and surgeons) to view the patient’s medical information in real-time (Zhang et al.,
2019).
However, Strickland (2019) argued that the IBM Watson Care Manager system is not entirely
successful because although the development of the system was to optimise post-hospital treatments,
curb doctor shortages, assist medical professionals to do their jobs and, therefore, improve healthcare,
it rather seemed to replace doctors (Strickland, 2019). IBM Watson is also used for cancer treatment,
where the system is completely AI-driven and is able to ‘make decisions’ based on a summary of
patients’ medical records accessed via searches through patient databases to provide treatment
recommendations. Strickland (2019) believed that IBM Watson faces a major hurdle between the way
machines learn (machine learning for AI) and the way real-life medical professionals work.
Greci et al. (2013) in their pilot study adopted a virtual training system combined with AI, called
Play2Train Virtual Hospital. It had an emergency section with a patient waiting area, virtual medical
rooms, for example, an operation theatre and staff room, and a playing field and parking bays with
emergency areas. The emergency areas outside the hospital were used to stabilise critical patients if it
would take the nurse too long to take the patient into the hospital for treatment. Additionally, the virtual
environment contained a video conference and meeting rooms with virtual video screens displaying
multimedia content (videos and slides) to educate students. Students were given gaming laptops with
high-quality graphics and accompanying video processors (Greci et al. 2013). Microphone headsets
were used to allow for voice communication. Students had Internet access through the University of
California’s gigabit ethernet local area network.
Students created avatars to match their roles, for example, nurses, doctors and a training facilitator. The
authors stated that 30 robots were developed and programmed to simulate a patient requiring medical
assistance. However, in the context of the study, these robots comprised weak AI because each stored
a pre-recorded audio (approximately two sentences of symptoms and/or complaints), pop-up vital signs
(through text), and the ability to put on a respiratory mask. Each patient’s audio recording, pop-up vital
signs and mask could be activated by a student avatar through touching an allocated tag on the patient’s
body or face (Greci et al., 2013). During the virtual training, students had to identify the medical issue
by promptly examining the patient and thereafter transporting the patient to the appropriate treatment
areas either in the hospital (for example, in the treatment rooms) or outside the hospital (at the
emergency stabilisation areas in the parking bay area or playing field). Additionally, the students had
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to plan the allocation of treatment areas for patients based on the infection control practices of the USA
(for example, respiratory isolation for patients displaying influenza symptoms) (Greci et al., 2013).
The findings of the study showed that students displayed improved medical emergency knowledge
because the AI-VR system allowed them to repeatedly practice medical examination and decisionmaking in a controlled environment. Furthermore, students were able to see the outcomes of their
decisions in real-time and were able to experience a life-like emergency environment to prepare them
for the real-world (Greci et al., 2013). Lu, Li, Chen, Kim and Serikawa (2018) stated that AI will be
used in augmented reality for future remote electronic health monitoring. They further indicated that
many companies (for example, Amazon, Apple, Artificial Solutions, Assist AI, Creative Virtual,
Google, IBM, IPsoft, Microsoft and Satisfi) are investing in AI because it is a growing trend globally
(Lu et al., 2018).
2.12.

The efficacy of VR in medical training

Medical professionals need a thorough understanding of the human body hence the use of 3D training
methods. Adams, Shinn, Morrel, Noble and Bodenheimer (2019) asked experts to discuss the use of
VR systems in terms of usefulness and potential for medical developments. One expert stated that the
progression of a comprehensive understanding of the human body to prepare future doctors or medical
practitioners to interact with real-life patients is vital in medical education (Adams et al., 2019).
Furthermore, anatomy of the middle and inner ear presents a challenge for medical and surgical training
because it is difficult to only focus on one part of the ear (outer, middle or inner) disregarding the other
parts of the ear. However, with 3D technologies such as virtual reality it is possible to train medical
professionals on one part of the ear (Adams et al., 2019, p.10).
The most commonly used visualization tools for learning complex 3D medical relationships rely on 2D
illustrations. However, when 2D illustrations are used to represent 3D structures, there is a risk of
information loss and important interactions between anatomical structures may be absent (Adams et al.,
2019). Immersive virtual environments may provide a more effective method for promoting a student’s
understanding of 3D anatomy. Semi-immersive and fully immersive virtual displays were used to
develop learning and visualization training programs for the anatomy of the heart, breast and abdomen
(Adams et al., 2019). Research on educational anatomical simulations for the ear also exists. Adams et
al. (2019) noted that VR is suited for the medical curriculum because of its ability to allow students to
practice medical procedures repeatedly. Similarly, Yu et al. (2019) pointed out that a VR training
simulator for laparoscopic surgery (MIST-VR) can assist surgeons in improving efficacy and lessening
errors in the OR by repeatedly practising surgical procedures.
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VR allows users to experience an immersive medical environment. Yu et al. (2019) explained that the
virtual environment for radiotherapy training (VERT) system at the University of Sydney was
successfully implemented as an add on to traditional lessons. The system offered students the chance to
gain knowledge and improve skills in an interactive, risk-free radiation therapy environment. Based on
the students’ feedback, the VERT system was considered a useful learning and training tool. The system
was found to provide a more relaxed environment and helped students to have a thorough understanding
of complex medical illnesses (Yu et al., 2019).

2.13.

Challenges to the adoption of VR for medical training

According to Seretse et al. (2018), developed countries have invested heavily in ICT integration in
medical education and made it possible for medical students to have access to the latest updates in the
medical fields. On the other hand, developing countries are lagging because of several economic, social
and infrastructural limitations (Seretse et al., 2018). Additionally, IT knowledge and computer skills
among medical undergraduates and medical professionals are higher in developed countries compared
to developing countries (Seretse et al., 2018). This is mainly due to infrastructural limitations in
developing countries such as the limited availability of computers and Internet connections (Seretse et
al., 2018). In Sri Lanka for example, IT-based components are not included in the medical curricula in
most medical schools, and experiences with IT-based activities in these medical schools are limited
(Ghosh, 2017). It is a similar situation for most developing countries like South Africa and IT-related
publications from those countries are limited (Ghosh, 2017).
2.13.1. Reluctance to use VR for medical training
Banszki et al. (2018) conducted a study with a virtual patient who displayed antagonistic behaviour
towards accepting treatment. Although residents were exposed to patients who displayed difficult
behaviour, most of the students felt uncomfortable interacting with the virtual patient and preferred to
interact with a real-life patient. Hence, these students were reluctant to use VR to learn about patient
behaviour.
A study by Datta-Paulin and Salt (2019) involved nursing employees working in inpatient care in the
UK. The authors examined the impact of virtual training on the participants’ (the nursing employees)
confidence in interacting with patients in difficult situations and the emotional stresses related to
training virtually. Findings from the study showed that the participants were reluctant to try new
techniques of training such as VR because they preferred the old training techniques (Datta-Paulin and
Salt, 2019). Similarly, Mazurek et al. (2019) found that older users (senior medical professionals) were
more likely to be reluctant to use VR for medical purposes because they were accustomed to traditional
training methods.
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Fejzic, Seric-Haracic and Mehmedbasic (2019) assessed the role of ICTs including VR in veterinary
medical training including the management and training of new recruits in animal health, animal
production and food safety. The findings from their study showed that the participants (veterinary
professionals) were reluctant to use ICT technologies such as VR for training new recruits and to
provide services to customers because they also preferred the traditional methods of executing their
duties.
2.13.2. Financing and sustainability of VR
De Rosis and Nuti (2018) described several ramifications in Italy for the sustainable adoption of VR.
These included budget constraints for public healthcare facilities and difficulties in justifying the
adoption of technologies such as VR without a plausible cost‐benefit analysis. In addition, there were
challenges related to acquiring additional financial resources to ensure the sustainability of VR-enabled
interventions. They noted that there was less emphasis on change management when introducing VR
and a lack of long‐term VR project planning which hampered the effectiveness of VR interventions (De
Rosis and Nuti, 2018). However, to overcome the listed challenges, De Rosis and Nuti (2018) stated
that initiatives to finance healthcare interventions (for example, VR) should come from the national
government. De Rosis and Nuti (2018) were of the view that to promote sustainable long-term
investment in VR, the government needs to integrate policies and scale up current infrastructure by
including technological innovation in the healthcare strategy and in its healthcare financing models.
Furthermore, there needs to be communication and collaboration between the public and private
healthcare sectors when introducing VR initiatives. The difference in interests (that is, public service
requirements versus profit) could be resolved if these sectors shared goals, responsibilities and financial
risks of the adoption of electronic healthcare technologies such as VR (De Rosis and Nuti, 2018).
Fischer (2018) suggested that VR systems similar to the VR Health Arena be developed and utilised by
medical professionals and the general public as a platform to express suggestions and spark debate on
maintaining the sustainability of the adoption of VR in the medical industry. The VR Health Arena
outlines its vision of healthcare using a virtual environment that mimics an engaging, conversational
television (TV) show setting. In the virtual environment, the audience would discuss issues of
technology sustainability in healthcare using a competitive gaming approach. The audience would also
be able to voice suggestions about maintaining the sustainability of long-term investments in
technologies such as VR (Fischer, 2018). Fischer and Heinrichs (2018) assessed the VR Health Arena
as part of their study and found that although the VR Health Arena’s adoption and implementation
would require advanced technologies in terms of the necessary VR equipment, it was an entertaining
platform that could be used effectively for public discussions around the sustainability of technology
adoption for healthcare.
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2.13.3. Infrastructural issues related to the adoption of VR for medical training in developing
countries
Buliva (2018) reviewed the adoption of VR for educational purposes from a sub-Saharan African
perspective. The review found that there is a lack of technological infrastructure in sub-Saharan Africa
that could subsequently result in the inability to sustain the use of VR for education. Similarly, Koçak,
Yilmaz, Küçük and Göktaş (2019) noted that the adoption of VR requires infrastructure (for example,
software and equipment) which most developing countries do not have. Buliva (2018) also found that
in some parts of Africa there is an inadequate supply of electricity. In addition, some African
educational institutions are burdened by the cost of hardware required for VR educational systems.
There is also inadequate bandwidth to support VR systems and a limited number of trained educational
personnel who could teach students to interact with and learn from, VR (Buliva, 2018). Koçak et al.
(2019) pointed out that VR program development for virtual environments may be complex and timeconsuming for users from rural or non-technical backgrounds. The authors added that it is often difficult
to maintain VR infrastructure because it is a new technology (Koçak et al. 2019).
Buliva (2018) stated that in Africa, national educational policies do not sufficiently address learning via
simulation-based educational technologies. Furthermore, educators who are required to teach courses
remotely are not sufficiently trained to teach in virtual and technological environments, and some
educators often lack adequate knowledge and experience with such technologies. Similarly, Govender
and Mars (2018) noted that the lack of skilled educators to facilitate the training of healthcare
professionals is an impediment to sustaining VR for healthcare service delivery. A study conducted in
the UK on the inclusion of VR for medical training found that it can be used by students residing in
rural areas. However, Dhai (2018) noted that due to the lack of infrastructure (including skilled
academics) at South African educational institutions, students often have limited or a lack of knowledge
relating to the use of, and exposure to VR. Limited exposure to virtual training during the undergraduate
curricula contributed to challenges affecting the adoption of the technology (Govender and Mars, 2018).
Buliva (2018) suggested that if VR were to be successfully combined with the curricula of educational
institutions in sub-Saharan Africa, national policies would need to be adjusted to accommodate
students’ use of the technology. Moreover, the cost of VR hardware could be mitigated by deploying it
on personal computers (PCs). PCs are available in African countries, and they can process the 3D
graphics used in immersive virtual environments (Buliva, 2018). Countries in sub-Saharan Africa can
form partnerships with established VR providers in developed countries to learn from them and
facilitate the transfer of technology. There is also a need to assist local educators and medical trainers
to fully use VR systems (Buliva, 2018). Buliva (2018) noted that cost-effective VR devices could
subsequently result in the adoption of VR for educational purposes provided that other factors such as
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infrastructure and the training of educators are also addressed. Google Cardboard Kit, for example, is a
cost-effective solution to mitigate the cost of purchasing VR hardware.
2.13.4. Factors affecting the potential adoption of VR for medical training
i.

Age of users

Venkatesh, Morris, Davis and Davis (2003) pointed out that younger generations value technology
usefulness more than older generations when deciding on usage intentions. The younger generation (for
example, students and/or residents) are often called digital natives and the older generation are often
referred to as digital immigrants. Nikou, Brännback and Widén (2019) noted that individuals born in
the 1980s are referred to as digital natives because they have grown up with digital technology and have
been exposed to digital media since their birth with the Internet being a vital part of their lives. In
contrast, people who were born before 1980 are referred to as digital immigrants (for example senior
doctors, surgeons and nurses). Apart from age, these two groups of people are different in several ways.
An example is digital natives reading content on their device screens (for example, phone or computer),
while digital immigrants may print an email attachment instead of reading it on the device screen.
Furthermore, digital immigrants may call the email recipient to confirm that an email was received
(Nikou et al., 2019).
Digital immigrants’ skills in using technology are lower than digital natives as they often exert a lower
self-efficacy and more technology anxiety than digital natives (Harrison and Rainer Jr, 1992; Ellis and
Allaire, 1999; Czaja et al., 2006; Chung, Park, Wang, Fulk and McLaughlin, 2010; Nikou et al., 2019).
Nikou et al. (2019) noted that a common perception is that young people have higher competency and
capabilities to use technology than older people. Additionally, technology acceptance (Czaja et al.,
2006; Arning and Ziefle, 2007; Kuerbis, Mulliken, Muench, Moore, and Gardner, 2017) and perceived
usability (Ijsselsteijn, Nap, de Kort and Poels, 2007), which are affected by age (Czaja et al., 2006;
Arning and Ziefle, 2007; Kuerbis et al., 2017), play a major part in technology adoption. Older
generations emphasise ease of use more when assessing the usefulness of a given system (Arning and
Ziefle, 2007; Nikou et al., 2019). The process of learning to use and understand new technological
systems becomes time-consuming because of the age factor and there is a trade-off between perceived
ease of use and perceived usefulness of the system (Melenhorst, Rogers and Caylor, 2001; Nikou et al.,
2019). However, Chung et al. (2010) found that the age factor has no effect on perceptions of ease of
use or usefulness of the technologies.
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ii.

Prior use of a technology

The match between a technology and the user’s past experience with it is an important aspect towards
continuous use of the technology (Rogers, 1995). Thompson, Higgins and Howell (1994) stated that
experience with a specific technology is associated with a greater likelihood to adopt and use the
technology. Kim and Malhotra (2005) assessed the effect of past use on users’ beliefs and behaviours
and found that prior use of a technology positively influences perceived usefulness and perceived ease
of use, as well as the behavioural intention to use the technology and actual usage of it. However, Falck,
Mang and Woessmann (2018) found that students’ exposure to technologies such as computers at school
had little to no effect on students’ computer literacy. Reed, Oughton, Ayersman, Ervin Jr and Giessler
(2002) also found that the number of years of experience with technology does not automatically result
in high levels of technological competencies. Similarly, Nikou et al. (2019) noted that exposure to
technological devices and the number of years of experience using them are not reliable measures for
analysing technological competencies. The positive influence of past use on perceived ease of use and
behavioural intention has been confirmed by Bajaj and Nidumolu (1998), Dishaw and Strong (1999),
Jackson, Chow and Leitch (1997), and Dwivedi, Rana, Jeyaraj, Clement, and Williams (2019) whereas
the results regarding the influence of past use on perceived usefulness are inconsistent, with some
studies finding a positive effect (Dishaw and Strong, 1999; Dwivedi et al., 2019) and others showing
non-significant results (Jackson et al., 1997; Kwon and Wen, 2010). The inconsistent results coupled
with the paucity of studies that incorporate past use as an antecedent to technology adoption, call for
further study into these relationships by examining them in the context of VR hardware acceptance, use
and purchase intention.
iii.

Purchasing price

The purchasing price of any technology, including VR hardware, plays a significant role in the buyer’s
decision-making process. Buyers (for example, governments, universities and private hospitals) would
assess the value of purchasing a VR system while concurrently considering its price (Zeithaml, 1988;
Fornell, 1992; Anderson and Sullivan, 1993; Anderson, Fornell and Lehmann, 1994; Cronin, Brady and
Hult, 2000; Yadav and Pathak, 2017; Nikou et al., 2019). Price should be one of the main factors for
buyers attempting to determine the usefulness, ease of use, and utility prior to purchase (Zeithaml, 1988;
Yadav and Pathak, 2017; Nikou et al., 2019). Monroe and Petroshius (1981) and Yadav and Pathak
(2017) reviewed numerous price-based studies and found that price is most likely to be used as a
determining factor for good quality under the following conditions:

1. When the price of a technology is the primary disparity information available.
2. When there are alternative, cost-effective technologies available; and
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3. When comparative price variances are fairly large.

These three conditions often emerge in the VR hardware market as the cost of VR hardware ranges
from $15 to over $1000 depending on the functionality of the VR system. In previous studies, the
purchasing price was not included as one of the factors that may inform VR adoption. However, in the
context of the emerging VR hardware market, it is very important to include the aspect of potential
adoption (price) as an antecedent to the adoption of VR (Nikou et al., 2019).
2.14.

An ethical perspective of the adoption of VR for medical training

Several authors have noted that the use of VR for medical training purposes addresses some ethical
concerns because students do not need to train using real-life patients (Freina and Ott, 2015; Nickel et
al., 2015; Ruthenbeck and Reynolds, 2015). Thomsen et al. (2017) stated that the use of VR for medical
training adheres to ethical practices because students can practice diagnostic and therapeutic
interventions at any time without having to wait for a real-life patient to display specific symptoms.
However, Alblas, Greyling, and Geldenhuys (2018) referred to the President of the Anatomical Society
in South Africa who stated that using a human or animal cadaver helps medical students develop their
emotional and interpersonal skills which computer graphics cannot provide. The President elaborated
that it is crucial for medical students to learn anatomy ‘first-hand’ from a human body because
experiential knowledge gained from dissecting a human body cannot be substituted by computer
programs, systems or by hardcopy books (Alblas et al., 2018, p.15).
Similarly, Lazarus, Sookrajh and Satyapal (2019) found that although technology such as VR for
medical training is ethically beneficial, it is simply a tool used to support training and should not replace
dissections using human and animal cadavers. Based on the findings from Lazarus et al. (2019) and the
perspective provided by Alblas et al. (2018), the researcher believes that although the use of VR for
medical training is ethically beneficial, its use should complement the use of human or animal cadavers
instead of substituting them. This, however, defeats the purpose of using VR for medical training from
an ethical perspective because utilising VR for medical training should, ultimately, eliminate the need
to use human or animal cadavers (instead of complementing their use).
Summary of the literature review
Table 2.1 depicts the various studies that were reviewed in this chapter. As depicted in the table, most
research on the adoption of VR in the medical field emanated from the USA, Japan and the UK.
Developing countries such as Thailand, Nigeria and Malaysia have also conducted some research on
VR for medical training. There is limited literature on the adoption of VR in South Africa. Reviewed
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literature from the South African perspective (highlighted in bold in Table 2.1) included that of Seretse
et al. (2018), Mehl et al. (2018) and Dhai (2018). Although the above literature review is not exhaustive,
it does depict the current paucity of literature that explores the adoption or potential adoption of VR
from a South African point of view. Hence, this study aimed to address this gap to a certain extent, by
investigating the determinants of and challenges to, the adoption of VR in the context of medical
training.
Sources

Context

Al Kuwari (2018), Ahlberg, Heikkinen, Iselius, Leijonmarck,

The

Rutqvist and Arvidsson (2002), Ahmed, Meech and Timoney

simulation-based medical

Thailand,

(1997), Ali, DeMaria, Kaplan, and Mowery (2002), Asano,

training

Malaysia, Zambia, South

Yano, and Iwata (1997), Buck (1991), Chaudhry (1999),
Chaudhry, Sutton, Wood, Stone and McCloy (1999), Dhai
(2018), Chopra, Gesink, De Jong, Bovill, Spierdijk, and Brand
(1994), Cooper and Taqueti (2004), Freeman et al. (2001),
Friedrich (2002), Gaba and DeAnda, (1998), Gaba, Howard,
Fish, Smith, and Sowb (2001), Gallagher, Richie, and McClure
(2001), Gaskin, Owens and Talner (2000), Gordon (1974),
Gordon, Ewy and Felner (1980), Gordon, Oriol, and Cooper
(2004), Gorman, Lieser and Murray
(1999), Gorman, Meier and Krummel (1999), Grantcharov,
Kristiansen, Bendix, Bardram, and Rosenberg (2004), Haluck
and Krummel (1999),

Hamilton et al. (2002), Hamilton,

Scott,Fleming, Rege, and Laycock (2002), Hoffman et al.
(2001), Mazziotta et al. (2001), Hyltander, Liljegren, Rhodin,
and Lonroth (2002), Issenberg et al. (1999), Issenberg,
McGaghie, and Hart (1999), Pulijala, Ma, and Ayoub (2017),
Smith et al. (2015), Seretse et al. (2018), Maran and Glavin
(2003), Tun et al., 2015, Kothari, Shah, and Barach, 2017,
Kodikara, Karunaratne, and Chandratilake, 2019, Ottensmeyer,
Ben-Ur, Salisbury (2000),

Grantcharov and Palter (2010),

Andreatta et al. (2010), Playter and Raibert (1997), Rabkin
(2002), Reznek, Rawn, and Krummel (2002), Satava, and Jones
(2000), Hoffman, Murray, Curlee, and Fritchle (2001), Riva
(1998), Seymour, Gallagher, Roman, O’Brian, and Bansal
(2002), Sticha, Kraus and Olsen (2006), Westwood, Hoffman,
Stredney, and Weghorst (1998), Tendick, Downes, and
Cavusoglu (1998), Torkington, Smith, Reest and Darzi (2000),
Tseng, Lee, Chan, Wu, and Chiu (1998),
Weghorst,

Airola

and

Oppenheimer

Afkhami (2012),
(1998),

Wilson,

Middlebrook, Sutton, Stone, and McCloy (1997), Baby,
Srivastav, Singh, Suri, and Banerjee (2016), Vaughan, Dubey,

32

use

Country
of

VR

for

USA,

Africa

UK,

Japan,
Nigeria,

Wainwright, and Middleton (2016), Salam et al. (2016) Bing,
Parham, Cuevas, Fisher, Skinner, Mwanahamuntu and Sullivan
(2019), Mehl, Tamrat, Bhardwaj, Blaschke, and Labrique
(2018), Cecil, Gupta, Pirela-Cruz, and Ramanathan (2017),
Istepanian et al. (2011), Jia et al. (2017), Long and Hoang
(2017), Santamaria, Serianni, Raimondo, De Rango, and Froio
(2016), Seymour et al. (2002), Xu et al. (2014), Cecil, XavierCecil and Gupta (2017), Jia, Wang, Guo, Gu, and Xiang (2017),
Xu et al. (2014), Rodrigues, Segundo, Junqueira, Sabino, Prince,
Al-Muhtadi and De Albuquerque (2018), Hussein, BurbanoFernandez, Ramírez-González, Abdulhay and De Albuquerque
(2018), Imani, Bandodkar, Mohan, Kumar, Yu, Wang and
Mercier (2016), Hu, Shao, Ye and Jin (2019), Aziz (2018),
Rosenthal et al. (2020), Zhang, Park and Biyi (2019), Lu, Li,
Chen, Kim and Serikawa (2018), De Rosis and Nuti (2018),
Fischer (2018), Fischer and Heinrichs (2018)
Elliman, Loizou, and Loizides (2016), Glantz, Rizzo, and Graap

The use of VR for patients’

(2003), Maran and Glavin (2003), Rizzo, Schultheis, Kerns, and

rehabilitation

USA, UK

Mateer (2004), Sohlberg and Mateer (2001), Sveistrup et al.
(2003), Weiss and Jessel (1998), Zimand et al. (2002)
Brooks et al. (1999), Burdea (2002), Elliman, Loizou, and

The use of VR for treating

Loizides (2016), Fung et al. (2004), Holden and Dyar (2002),

medical conditions

Hoofman (2004), Kizony, Katz, and Weiss (2003), Piron, Cenni,

cerebral

Tonin

orthopaedic illness and

and

Dam

(2001),

Weiss,

Bialik

and

Kizony

(2003),Witmer and Singer (1998), Yano, Kasai, Saitou and

USA, UK, Japan

palsy,

stroke

Iwata (2003)
Beck, Palyo, Winer, Schwagler and Ang (2007), Burdea (2002),

The use of VR to treat

Krijn, Emmelkamp, Olafsson, and Biemond (2004), Maran and

phobias

USA, UK

Glavin (2003), McClay et al. (2011), Wiederhold et al. (2002),
Maples-Keller et al. (2017)

Table 2. 1. Summary of literature
2.15.

Conclusion of Chapter two

Most of the South African studies in this chapter focused on technology from a broad perspective and
there is thus limited research on advanced technologies such as VR from a South African viewpoint.
Most developed countries have implemented VR for medical training and a few developing countries
such as Malaysia, Zambia and Thailand are following suit. However, based on the literature from these
developing countries, the researcher has deduced that VR could be utilised in South Africa for various
purposes apart from medical training. These include the treatment and rehabilitation of patients with
various medical conditions such as cerebral palsy, orthopaedic illness, cancer and stroke. However, the
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use of VR for treating patients is outside the scope of this study. In the context of this study, the literature
review depicted several VR systems, such as model-driven and instructor-driven, that can be used to
enable medical students to gain exposure to medical environments and to acquire medical skills by
practicing medical procedures in the VR environment.
The following chapter describes various theoretical frameworks used in information systems research
and discusses the theoretical framework adopted in the study.
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CHAPTER THREE: THEORETICAL FRAMEWORKS

3.1. Introduction
Eisenhardt (1991, p. 10) and Eisenhardt and Graebner (2007, p. 15) defined a theoretical framework as
a structure that guides research by depending on a formal theory; that is, the framework is constructed
by using an established, logical explanation of certain occurrences and relationships. In essence, a
theoretical framework is the anchor that supports the research questions and the problem statement
(Osanloo and Grant, 2016). It further serves as a theoretical lens through which this study’s findings
are analysed and discussed.

This chapter discusses some of the theories used in information technology (IT) adoption research with
a specific emphasis on the theory adopted in this study, that is, the Unified Theory of Acceptance and
Use of Technology (UTAUT).
3.2. IT adoption frameworks
Eight theories are described below starting with the Theory of Reasoned Action and ending with the
theory underpinning this study, namely, the UTAUT.
3.2.1.

Theory of Reasoned Action

Developed by Fishbein and Ajzen in 1975, the Theory of Reasoned Action (TRA) investigates users’
behaviour towards IT adoption based on their attitudes and the norms of society. They postulated that
a user would decide to use a technology based on the anticipated outcomes from using the technology
(Samaradiwakara and Gunawardena, 2014). Samaradiwakara and Gunawardena (2014) noted that the
main objective of the TRA is to understand an individual’s voluntary behaviour towards IT adoption by
evaluating the individual’s motivation towards making a specific decision related to using a technology.
Similarly, Reimenschneider, Leonard and Manly (2011) noted that the TRA shows that a user’s attitude
towards a technology and a user’s subjective norm can be used to explain the user’s behaviour and
his/her decision to adopt a technology. The constructs of TRA are depicted in Figure 3.1.
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Figure 3. 1. Constructs of the Theory of Reasoned Action
Source: Fishbein and Ajzen (1975)
Liao and Cho (2019) stated that mental assessments (for example, psychometric tests) and interviews
are some of the methods used by companies to recruit adequately skilled employees. When compared
to mental assessments, interviews are the most common method adopted in the recruitment process.
Hence, Liao and Cho (2019) created a virtual environment to simulate the interview process to assist
individuals and companies with the process. They conducted a quantitative study about mixed reality
with 13 participants using augmented and VR for interview preparation. The TRA was used as the
theoretical framework. In the study, Liao and Cho (2019) assessed the attitude of participants towards
the use of technology in the interview process. The authors found that users who used virtual
environments for interview preparation performed better in job interviews when compared to those who
did not do so (Liao and Cho, 2019). Similarly, Kwon, Powell and Chalmers (2013) also adopted the
TRA and proposed that virtual environments have the potential to help people overcome phobias, such
as anxiety in interviews, and that providing a virtual environment with therapeutic value eliminates the
use of traditional interview methods (for example, written, video and face-to-face).
McClelland (1973) stated that factors such as attitude, reasoning and behavioural characteristics are of
equal importance and similar to the skills required to perform a specific job. People often display skills,
their own techniques, knowledge, values and motivation to perform a task or job which affects their
work efficiency (Liao and Cho, 2019). These factors often contribute to the acceptance and reluctance
to use a technology related to a specific job (Liao and Cho, 2019). Hence, for instance, some individuals
still use paper and pens instead of creating documents online even though the world has advanced
digitally (Liao and Cho, 2019). It is, therefore, important to assess an individual’s attitude towards using
a technology because it contributes to the potential adoption of the technology. The TRA proposes that
people’s behaviours can be predicted by their attitude toward the behaviour, and the influence of their
significant others (such as peers) influence their intentions to perform (or not perform) the behaviour
(Salleh, 2005).
The TRA, like the Technology Acceptance Model (TAM) below, also helps investigate an individual’s
attitude towards using a technology, that is, either a positive or negative attitude toward using an
educational technology (Fishbein and Ajzen, 1980). The TRA and the Theory of Planned Behaviour
(TPB) (also below) depict the significance of attitude as a direct influence on a user’s behaviour. Davis
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(1989) stated that attitude serves as a foundational element for user behaviour. However, Davis, Bagozzi
and Warshaw (1989) removed it from their proposed theoretical framework because user attitudes do
not fully depict the effect of perceived usefulness and perceived ease of use on behaviour. Similar to
the subjective norm (from the TPB) and social influence (from the UTAUT), the TRA’s construct of
subjective norm focuses on an individual’s perception of the use of an educational technology, including
agreements, and how one is perceived by others (Fishbein and Ajzen, 1980).
Zacharia (2003) investigated the effect of educational tools, that is, interactive computer-based
simulations and laboratory inquiry-based experiments, on science educators’ beliefs, attitudes and
intention to use these tools in their teaching. Zacharia (2003) interviewed 13 educators about their
beliefs regarding educational tools and their attitudes towards the use of those tools. Using the TRA
model as the theoretical framework, his findings indicated that educators’ attitudes towards the use of
a technology were influenced by their beliefs and that beliefs and attitudes combined affect their
intention to use the technology. However, Chang, Chang and Cheng (2012) noted that Zacharia (2003)
only identified teachers’ beliefs about the advantages or disadvantages of using a technology, which is
the perception of the outcome, but did not examine the perception of the importance of the outcome
which affects the intention to use the technology.
3.2.2.

Technology Acceptance Model

The Technology Acceptance Model (TAM) (Davis, 1989; Davis, Bagozzi and Warshaw, 1989) was the
pioneering framework that identified psychological factors that influence the acceptance of a
technology (Samaradiwakara and Gunawardena, 2014). Samaradiwakara and Gunawardena (2014)
further noted that this framework was derived from that of the TRA and that its constructs are perceived
usefulness and perceived ease of use (refer to Figure 3.2). Manis and Choi (2019) also noted that the
TAM was derived from the TRA. The TAM is used to explain the factors of technology acceptance,
thereby explaining consumer behaviour across numerous technologies (Manis and Choi, 2019). These
constructs are considered to be the factors that influence a user’s behavioural intention towards using a
technology (Davis et al., 1989). Perceived usefulness refers to the extent to which a user believes that
a technology can help him or her to achieve his/her goals while perceived ease of use refers to the extent
to which a user believes a technology is easy to use and understand (Samaradiwakara and Gunawardena,
2014). Kim, Mirusmonov and Lee (2010) noted that the TAM was developed by adapting the TRA, the
Diffusion of Innovation (DOI) Theory (Bandura, 1986; Rogers, 1995) and social-cognitive theory
(Bandura, 1986) to explain the use of technology. The constructs perceived usefulness, which signifies
the functional aspects of technology usage, and perceived ease of use, which signifies the control aspects
of technology usage, are similar to the TPB (Ajzen, 1985) with respect to behavioural beliefs and control
beliefs (Kim et al., 2010).
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Figure 3. 2. Constructs of the Technology Acceptance Model
Source: Davis, Bagozzi and Warshaw (1989)
Several studies have examined the TAM in a variety of contexts (for example, consumer, business,
education and healthcare) and applications (for example, virtual fashion stores, employee training,
surgery simulation and real estate tours). The TAM provides a foundation for analysing acceptance
and/or reluctance to use a technology, and the behavioural intentions of users (Manis and Choi, 2019).
Studies show the TAM as a robust framework for understanding user acceptance of technology in a
variety of contexts including banking (Suh and Han, 2002; Chau and Lai, 2003; Dalcher and Shine,
2003; McLean, Al-Nabhani, and Wilson, 2018), mobile-commerce (Bruner and Kumar, 2005; Kalantari
and Rauschnabel, 2018), email (Huang, Lu, and Wong, 2003; King and He, 2006; Manis and Choi,
2019), gaming (Hsu and Lu, 2004; Pando-Garcia, Periañez-Cañadillas and Charterina, 2016) and ecommerce (Ha and Stoel, 2009; Iqbal and El-Gohary, 2014). However, some studies noted the TAM's
frugality as the main impediment (Venkatesh, 2000; Vijayasarathy, 2004). Vijayasarathy (2004) argued
that the variables in TAM are more applicable to decisions involving limited technology usage choices
(for example, decisions made in the workplace with limited options) than to situations involving users’
voluntary choices (for example, VR). Therefore, the TAM variables may not sufficiently capture key
factors impacting attitudes towards VR hardware use intention and purchase intention (Vijayasarathy,
2004).
Fishbein (1963) stated that perceptions (perceived usefulness and perceived ease of use) are critical for
any given context. Hence, a recommendation would be to first identify perceptions specific to the study
phenomena being investigated. Fishbein and Ajzen (1975, p. 218) indicated that a person may hold a
comparatively huge number of beliefs about a specific item, however, only a comparatively small
number of beliefs serve as contributing factors of attitude at any point in time. For example, while the
perceptions proposed by Davis (1989) for the acceptance of technology are perceived ease of use and
perceived usefulness, it is sometimes vital to include the variable of perceived enjoyment (Davis,
Bagozzi and Warshaw, 1992). Therefore, variables provided within a theoretical framework may not
capture the complete set of factors that may influence technology adoption.
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Perceived ease of use is a construct originally defined by Davis (1989) as the extent to which a person
believes that using a system would not require effort. Several studies (Bruner and Kumar, 2005; Choi
and Totten, 2012; Ha and Stoel, 2009; Oh, Jeong and Baloglu, 2013) have used the original definition
proposed by Davis (1989). However, there are some studies that use a modified definition. Davis (1989,
p. 15) previously defined perceived usefulness as the extent to which a person believes that using a
specific system would improve his or her job performance. Several studies incorporating perceived
usefulness use the definition of Davis (1989) above but exclude the term ‘job’ (Karahanna, Straub and
Chervany, 1999; Ha and Stoel, 2009; Choi and Totten, 2012; Iqbal and El-Gohary, 2014; Muk and
Chung, 2015). However, Manis and Choi (2019) noted that when considering the definitions of
usefulness and perceived usefulness, it is apparent that the original perceived usefulness construct lacks
applicability to consumer technology acceptance and a broad scope of usefulness from a company
perspective.
Manis and Choi (2019) believed that a more appropriate definition that applied to overall technology
acceptance and the perceived benefits a technology may provide to the user, was necessary. Hence, they
defined perceived usefulness as the degree to which a person believes using a particular system would
be beneficial and advantageous. The relationship between perceived ease of use and perceived
usefulness has been assessed across numerous consumer contexts (Porter and Donthu, 2006; Schepers
and Wetzels, 2007; Lee, Park, Chung and Blakeney, 2012; Gao, Rohm, Sultan and Pagani, 2013; Oh et
al., 2013; Muk and Chung, 2015). However, the relationship has not been assessed in the context of VR
hardware (Manis and Choi, 2019). Currently, VR environments are mostly recognised for gaming, and
hence the perceived usefulness of VR would, most likely, be much lower than previous research
contexts adopting the TAM framework (Manis and Choi, 2019). Manis and Choi (2019), however,
noted that a positive attitude towards using VR often translated in the behavioural intention to use it
and this is further discussed below.
Attitudes toward using VR
Manis and Choi (2019) stated that a cost-benefit analysis shows that the relationship between perceived
usefulness and attitude could be significantly impacted because some users may not find VR hardware
very useful. However, where some users have a positive attitude toward using and purchasing VR
hardware, there would be a hedonic benefit associated with using it (for example, for gaming or content
viewing).
The relationship between perceived usefulness and attitude was studied with products that provided a
utilitarian benefit to users. The VR environment provides an opportunity to assess this relationship with
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a technology product that has strong hedonic benefits with the potential to have strong utilitarian
benefits as well (Manis and Choi, 2019). Furthermore, with some aspects of VR in the prototype stage,
perceived ease of use may play a greater role because the functionality of the hardware may not provide
maximum efficiency or usefulness to the consumer. It is necessary to assess the impact of perceived
ease of use and perceived usefulness on attitude to purchase and attitude to use VR hardware (Manis
and Choi, 2019). However, Ducey and Coovert (2016) noted that perceived ease of use is not a strong
measurement compared to perceived usefulness and hence the effect of perceived ease of use on a user’s
intention to adopt and use a technology is often moderated by perceived usefulness. In addition, Teo
and Tan (2012) have found that the attitude of users to adopt and use a technology is the most crucial
factor affecting the use of a technology.
Behavioural intention to use VR
Theoretically, behavioural intention represents an individual’s plan to perform or engage in a particular
behaviour (Atkinson, 1964; Deci and Ryan, 1987; Ajzen, 1991; Sager and Menon, 1994; Bian and
Forsythe, 2012; Manis and Choi, 2019). Bian and Forsythe (2012) noted that the behaviour of a user is
situationally specific and dependent on a given research topic (for example, purchase intention,
intention to re-visit, and intention to spread positive word-of-mouth). Ajzen and Fishbein (1977)
examined the relationship between attitude and behaviour through a review and analysis of past studies.
The central thesis of the Ajzen and Fishbein (1977) study is that the strength of an attitude-behaviour
relationship is dependent on the correlation between the attitudinal and behavioural entities, that is, the
attitude being measured should be assessed in relation to the behaviour (for example, attitude toward
purchasing VR hardware and intention to purchase VR hardware). Studies assessing attitude toward
using a VR brand and future brand purchase intention show a strong relationship between these two
constructs (Compeau, Grewal and Monroe, 1998; Sweeney and Soutar, 2001; Jang and Namkung, 2009;
Bian and Forsythe, 2012; Manis and Choi, 2019).
3.2.3.

Theory of Planned Behaviour

Hagger (2019) noted that the Theory of Planned Behaviour (TPB) (Ajzen 1985, 1991) was deduced
from the TRA framework and it introduced a third independent determinant of the intention to use a
technology, that is, perceived behaviour control (PBC). When predicting individual behavioural
intentions, only the rational behaviour of people is considered. The TPB expands on the TRA by
including an additional factor, that is, perceptions of control over the performance of the behaviour
(Ajzen, 1989, 1991). Reimenschneider, Leonard and Manly (2011) also pointed to the TPB being an
extension of the TRA (Fishbein and Ajzen, 1975) and that Ajzen (1985, 1989, 1991) expanded the TRA
to the TPB by including the construct of perceived behavioural control. Perceived behavioural control
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is believed to assist with predicting technology adoption intention and user behaviour.
Reimenschneider, Leonard and Manly (2011) also added that Ajzen and Madden (1986) found the TPB
to accurately predict behavioural intentions when compared to the TRA. Behavioural intention is a
user’s intention to perform or not perform an act (Fishbein and Ajzen, 1975). Similarly, Han, Tom
Dieck and Jung (2019) stated that perceived behavioural control has a direct effect on both user attitude
and intention to use a technology, and it explains the availability of resources, opportunities, and other
pre-requisites which can change an attitude towards technology and the intention to use it (Han et al.,
2019).
Ajzen (1991) suggested that an individual’s behaviour is accurately predicted from their intentions to
adopt and use a technology. Hence, intentions show a user’s motivation behind a behaviour and indicate
the amount of effort a user is willing to use to perform a behaviour (Reimenschneider, Leonard and
Manly, 2011). Behavioural intention is, therefore, considered a predecessor to the actual behaviour and
has subsequently been tested as such (Banerjee, Cronan and Jones, 1998; Leonard, Cronan and Kreie,
2004; Reimenschneider, Leonard and Manly, 2011; Reimenschneider, Manly and Leonard, 2019).
Leonard et al. (2004) found that attitude influences behavioural intention to adopt and use a technology.
Attitude is an independent variable which is defined as the extent to which an individual favourably or
unfavourably evaluates a user’s behaviour (Fishbein and Ajzen, 1975). Similarly, Reimenschneider et
al. (2019) noted that attitude is dependent on a user’s beliefs and the assessment of those beliefs. The
TRA and TPB confirm that attitude is a reliable measurement of a user’s behavioural intention
(Reimenschneider et al., 2019). Reimenschneider et al. (2019) further stated that perceived behavioural
control (PBC) is the perceived ease or difficulty of use and of achieving the behaviour in question.
An individual may find certain behaviours easier to achieve which may affect how he or she reacts
when using certain technologies. Similarly, Stone, Jawahar and Kisamore (2009) argued that PBC was
found to influence user behavioural intention in an academic setting. Robin, Reidenbach and Forrest
(1996) proposed an additional variable, termed perceived importance, which affects user behaviour.
Perceived importance is defined as “an individual state construct that is believed to be closer to the
behavioural intention and behaviour decisions than the moral intensity construct suggested by Jones
(1991), and hence, is likely to be a better predictor of those decisions” (Robin et al., 1996, p. 17).
Similarly, Cronan, Leonard and Kreie (2005) in their study confirmed the impact of perceived
importance on user behaviours by focusing on the adoption of a new technology. According to
Kripanont (2007), the TPB postulates that an individual’s planned behaviour is determined by the
availability of skills, resources and opportunities, as well as the perceived importance of those factors
(skills, resources and opportunities) to achieve outcomes.
Some of the constructs of the TPB, namely, attitude, subjective norm and PBC (refer to Figure 3.3)
were combined with the TAM framework to form the combined TPB (Taylor and Todd, 1995). Taylor
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and Todd (1995) evaluated the TAM framework and that of the TPB to determine which framework
was the most helpful with regards to using and understanding technology. The findings revealed that
these two frameworks could be used in conjunction with one another because the constructs of one
framework fit well in the other. This framework is adequate to evaluate technology usage with both
novice and expert users of a technology (Samaradiwakara and Gunawardena, 2014).

Figure 3. 3. Constructs of the Theory of Planned Behaviour
Source: Francis et al. (2008)
3.2.4.

Model of Personal Computer Utilization

Van den Berg and Van der Lingen (2019) stated that the Model of Personal Computer Utilization
(MPCU) developed by Thompson, Higgins, and Howell (1991), presented a different perspective to the
TRA and TPB frameworks. This framework is suited to evaluating individual acceptance and use of a
range of information technologies (Venkatesh et al., 2003). Thompson et al. (1991) used the framework
to predict personal computer (PC) usage behaviour instead of intention to use the system. The theory
focuses on the extent to which a user utilises a computer when its use is not mandatory. In such a
context, the theory reasons that the use of a PC by a user is most likely to be influenced by factors such
as the user’s feelings (affect) toward using computers; social factors or the norms of society that people
often conform to; behaviour or habits related to using a computer (job-fit); the user’s perceived
consequences of using computers (long-term consequences); the degree of difficulty that a
technological innovation has that makes it challenging to use and understand (complexity); and
facilitating conditions (Van den Berg and Van der Lingen, 2019). Training PC users is one aspect of
facilitating conditions that can influence computer utilisation (Van den Berg and Van der Lingen, 2019).
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Figure 3. 4. Constructs of the Model of Personal Computer (PC) Utilization
Source: Khater (2016)
Alkhwaldi and Kamala (2017) stated that the MPCU was derived from Triandis’ (1977, 1979) Theory
of Interpersonal Behaviour. Triandis (1977, 1979) created a theoretical framework to describe how
human behaviour occurs by describing the factors that stimulate an individual’s behaviour. Alkhwaldi
and Kamala (2017, p.6) noted that according to the Triandis framework, behaviour is generally
determined by people’s attitudes, social norms governing what they should do, habits or what they are
accustomed to doing, and by the anticipated repercussions of their behaviour. Additional determinants
of behavioural intention and/or actual behaviour include facilitating conditions, relevant behavioural
and emotional arousal, and an individual’s perception of social normative variables (social factors). The
nature of the MPCU framework enables a researcher to predict an individual’s acceptance,
understanding and use of varying information technologies including VR (Alkhwaldi and Kamala,
2017).
3.2.5.

Diffusion of Innovation Theory

The Diffusion of Innovation (DOI) Theory (Rogers and Shoemaker 1971; Rogers, 1995) is used to
describe the decision process towards the adoption of an innovation. Teo and Tan (2012) noted that the
DOI Theory explains the process through which users adopt technological innovations. Similarly,
Samaradiwakara and Gunawardena (2014) stated that this framework is used to determine technology
acceptance at both individual and/or organisational levels of analysis. Its fundamental purpose is to
provide an interpretation of the way any technological innovation progresses from the stage of the
invention to wide-scale use. Rogers (1995) suggested that there are four main influential factors that
aid in the development of a new idea: the innovation itself, communication, time and a social system.
Samaradiwakara and Gunawardena (2014) stated that not everyone in society adopts technological
innovations at the same time. People often adopt an innovation after some time (for instance, an
individual will wait for a technology to be used by others before they use it) and this, therefore, enables
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categorisation of an innovation based on the length of time it takes for the majority of the people in the
society to begin using the innovation (Dearing and Cox, 2018).
The DOI Theory suggests that users do not simply adopt a new technology, instead, they first make an
informed decision to adopt or not to adopt based on factors such as relative advantage, complexity,
trialability, compatibility and observability (Dearing and Cox, 2018). Dearing and Cox (2018) stated
that relative advantage is an individual’s perception that one innovation will be superior to another when
compared to concepts, inventions or procedures that are similar. Those innovations which are identified
to be more superior will be adopted more quickly (Dearing and Cox, 2018). Similarly, Min, So and
Jeong (2019) stated that relative advantage is defined as the improvement of a technology compared to
its competitor or the previous version of the technology. Complexity implies how difficult an innovation
is to understand and use. Dearing and Cox (2018) noted an innovation that is found to be too complex
would be more difficult to adopt.
Similarly, Min et al. (2019) stated that complexity refers to the degree of ease or difficultly related to
using and understanding the new technology. Compatibility refers to the extent to which a technological
innovation corresponds with current understandings of ideas, products or practices present in an
individual’s daily life and fit into a person’s existing knowledge. The compatibility factor determines
whether a technological innovation will be adopted more easily than its predecessor (Dearing and Cox,
2018). Similarly, Min et al. (2019) stated that compatibility refers to users being able to effortlessly
integrate a new technology into their daily lives. Trialability refers to an individual’s approach to an
innovation in which testing of the innovation is done before its adoption (Dearing and Cox, 2018).
Regarding trialability, users want to test the technology before adopting it (Min et al., 2019).
Observability refers to the extent to which the results of using a technology can be observed (Min et al.,
2019).
Receiver variable
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Figure 3. 5. Diffusion of Innovation Theory
Source: Rogers (1995)
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The DOI Theory describes users’ adoption of technology. Rogers (1995) separated the diffusion process
from the adoption process because the focal point of the DOI Theory is how innovation diffuses and
how it is adopted by society from both an individual and an organisational perspective. Alkhwaldi and
Kamala (2017, p. 5) defined diffusion as the procedure by which an innovation is communicated
through specific channels over time among the members of a social system, and adoption as a choice to
make a full use of novelty as the best course of action available. Rogers (1995) stated that there are five
stages of the innovation-decision process namely, knowledge, persuasion, decision, implementation and
confirmation.
Rogers (2003) categorised individuals’ adoption patterns into five levels or categories, namely,
innovators, early adopters, early majority, late majority and laggards. Min et al. (2019) noted that
innovators are individuals who are keen to adopt new technologies. Hence, innovators often take more
risks than the other adoption categories. Early adopters create their own opinions about new
technologies and often set the trend (Min et al., 2019). They are similar to innovators in terms of quickly
adopting new technologies but they are more concerned about their reputation. The early majority adopt
technology after a little while if a consensus of adoption is reached by numerous people within the
group (Min et al., 2019). This group of people will make decisions based on the utility obtained from
adopting a new technology and value practical and logical benefits, unlike early adopters who value
‘coolness’ (Min et al., 2019). The late majority are similar to the early majority but are often more
cautious and doubtful before committing to using an innovation. Laggards are slow to adopt new
technologies and often only adopt because they are forced to do so (Min et al., 2019).
Dearing and Cox (2018) noted that when comparing the adoption groups, the adoption of a new
technology or innovation is often gradual and rational. Most often advertisers and business marketers
find that closing the gap between early adopters and the early majority is the most difficult and annoying
task because it signifies a radical change in behaviour to adopt something (technology, innovation or
idea). There is a progression of adoption moving from adopting because it is new and cool, to judging
and critiquing prior to adopting some innovation because it is valuable, useful and productive.

Figure 3. 6. DOI Adopter Categories
Source: Kaminski (2011)
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Clarke (1999) stated that although the DOI Theory is best suited as a descriptive tool, it is less strong
in its explanatory power, and less useful still in predicting outcomes and providing guidance as to how
to accelerate the rate of adoption. Similarly, Karahanna et al. (1999, p. 186) stated that the DOI has
been restricted with a lack of indication on how the attitudes impact the adoption and rejection decision,
or how features of innovations impact this process. Dwivedi, Papazafeiropoulo, Parker and Castleman
(2009) added that researchers using the DOI Theory should consider including social contexts in their
research to enhance the Theory and make it more effective. However, Min et al. (2019) argued that the
DOI Theory is an effective social and psychological theory that aims to assist researchers to predict
how people make decisions when adopting a new technological innovation by focusing on their
adoption patterns and understanding their nature and structure.
3.2.6.

Social Cognitive Theory

The Social Cognitive Theory (SCT) (Bandura, 1986) is based on environmental factors such as social
pressures or situational characteristics as well as cognitive and other personal factors, including
personality and demographic characteristics, that influence an individual to adopt a technology. These
factors have been extensively researched to determine the role they play in technology acceptance
(Venkatesh and Davis, 2000; Colley and Comber, 2003; Losh, 2004). Alkhwaldi and Kamala (2017)
stated that the SCT is one of the most vigorous theories of human behaviour. According to the SCT,
people acquire and sustain a behaviour because of a dynamic and shared interaction with environmental
factors, personal factors and human behaviours. The SCT was examined together with other constructs
in the IT field to explain user acceptance and/or rejection of various information technologies
(Alkhwaldi and Kamala, 2017).
Venkatesh et al. (2003) considered the predictive validity of the SCT model from the perspective of
behavioural intention (BI) and compared it with other IT acceptance models and theoretical
frameworks. The core variables of the SCT model are self-efficacy, outcome expectation including
personal expectation outcome, performance, anxiety and affect (Venkatesh et al., 2003).
The SCT has been widely applied in numerous studies including computer and Internet utilisation
(Alkhwaldi and Kamala, 2017). Ratten (2013) stated that the SCT is advantageous when compared to
other IT acceptance or adoption theories because it combines two levels of analysis, namely,
organisational and individual. Ratten (2013) added that the SCT includes technological innovations that
are not always optionally adopted but are instructed by the organisation(s) in which the individual
works. Abbasi (2011) noted that although the SCT offered ground-breaking constructs such as selfefficacy, generalising the theory is considered to be difficult. The SCT can, therefore, be adopted as an
umbrella framework with the aim of expanding its constructs into a conceptual model (Abbasi, 2011).
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3.2.7.

Motivational Model

The Motivational Model (MM) framework was developed by Davis, Bagozzi and Warshaw in 1992
and is applied in studies that seek to understand the motivation behind the use of technological systems
(Speier and Venkatesh, 2002; Samaradiwakara and Gunawardena, 2014). The constructs of this
framework are extrinsic and intrinsic motivation (Davis et al., 1992). Intrinsic motivation is defined as
the degree to which using a system is perceived to be enjoyable. Extrinsic motivation is defined as the
extent to which an individual believes that a system would enhance his or her job performance
(Samaradiwakara and Gunawardena, 2014). Davis et al. (1992) advocate that these constructs
significantly influence a user’s decision to adopt and use a technology.
Some studies in the psychology field were based on the MM (Muftah, 2013; Mugo, 2013; Markova and
Yaneva, 2020). These studies included research on the Self-determination Theory (SDT) (Deci and
Ryan, 1985). The SDT suggests that the process of self-determination lies in the quality of human
functioning which entails the choice of experience, having a choice, and making a choice (Alkhwaldi
and Kamala, 2017). Although, Alkhwaldi and Kamala (2017) stated that there are numerous studies that
have investigated the MM, however, the authors do not discuss the findings of such studies. The SDT
also addresses the ways that social context influences the motivated behaviour. Apart from the two
types of motivation (that is, intrinsic and extrinsic), Deci and Ryan (1985) argued that a third variable
(that is, amotivation) needs to be acknowledged to understand an individual’s behaviour. Davis et al.
(1992) used individuals’ extrinsic and intrinsic motivations to investigate the key factor of an
individual’s intentions toward IT usage behaviour. The authors added the influence of extrinsic and
intrinsic motivations to use the PC at the workplace (Davis et al., 1992). In addition, Alkhwaldi and
Kamala (2017) noted that perceived usefulness (PU), subjective norms (SN), and perceived ease of use
(PEOU) are examples of extrinsic motivations, and computer enjoyment and playfulness are examples
of intrinsic motivation.
3.2.8.

The Unified Theory of Acceptance and Use of Technology

The theoretical framework adopted in this study was the Unified Theory of Acceptance and Use of
Technology (UTAUT). The UTAUT is a unified theory comprising a combination of the Model of
Personal Computer Utilisation (MPCU), the Diffusion of Innovation (DOI) Theory, the revised
Technology Acceptance Model (TAM2), the Theory of Reasoned Action (TRA) and the Social
Cognitive Theory (SCT). The Theory was adopted as the theoretical foundation for the study because
it is comprehensive and, according to Venkatesh et al. (2003), it accounts for 69 percent of intentions
to use a technology (compared to other theories of technology acceptance).
Venkatesh et al. (2003) point out that there are four direct determinants of user acceptance and usage
behaviour of a technology, namely, performance expectancy, effort expectancy, social influence and
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facilitating conditions and that these are moderated by the variables of gender, age, voluntary use and
experience (as depicted in Figure 3.6). These determinants and moderating variables can be used to
determine the likelihood of adopting a technology (Venkatesh et al., 2003). The UTAUT theorises
attitude towards using technology, self-efficacy and anxiety as indirect determinants of intention
(Venkatesh et al., 2003). When the performance of UTAUT was compared to eight individual models,
it outperformed them all (Attuquayefio and Addo, 2014). This finding suggests that UTAUT is an
effective model for understanding the factors determining a user’s acceptance of technology and their
intention to adopt it (Attuquayefio and Addo, 2014).

Figure 3. 7. The UTAUT framework
Source: Venkatesh et al. (2003)
According to Venkatesh et al. (2003), performance expectancy (PE) may be defined as the extent to
which an individual believes that using a system will help him or her to attain some benefits in their
job. Similarly, Ogourtsova, Archambault and Lamontagne (2019) referred to PE as the degree to which
an individual believes that the use of any technology will result in performance gains. In this study, PE
referred to the degree to which lecturers believed that using a VR system will help them to accomplish
tasks related to training medical students and hence could be seen as the value gained from using a VR
system. Similarly, Bracq et al. (2019) noted that the main influencers of technology acceptance are
perceived utility gained from using a technology. Gunawardana and Ekanayaka (2009) noted that PE
is a combination of perceived usefulness, extrinsic motivation, job-fit, relative advantage and outcome
expectations. Previous studies on technology acceptance have shown that PE is a strong determinant of
technology acceptance intentions (Davis, Bagozzi and Warshaw, 1989; Taylor and Todd, 1995;
Venkatesh and Davis, 2000; Venkatesh et al., 2003; Samaradiwakara and Gunawardena, 2014).
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Venkatesh et al. (2003) defined effort expectancy (EE) as the extent to which a system is easy to use.
Ogourtsova, Archambault and Lamontagne (2019) referred to EE as the ease of using any technology.
In this study, EE was defined as lecturers’ perceived ease of use of VR systems for medical training.
Similarly, Bracq et al. (2019) noted that the main influencers of technology acceptance are perceived
usability of a technology. Venkatesh et al. (2003) observed that EE is more significant for individuals
with less experience. On the other hand, the more experienced and familiar a person is with a
technology, the lesser the effect of EE on the intention to use it (Gunawardana and Ekanayaka, 2009).
Social influence (SI) refers to the degree to which an individual perceives the importance of other
people’s beliefs regarding the use of a technology (Venkatesh et al., 2003). Ogourtsova, Archambault
and Lamontagne (2019) referred to SI as the degree to which an individual believes that significant
others believe that they should use the technologies. Similarly, Bracq et al. (2019) noted that for an
individual to accept a technology, a key factor would be for their family, friends and colleagues to
support the adoption of the technology. In the context of the USA, Gunawardana and Ekanayaka (2009)
found that the effect of SI on the intention to use a technology differed across samples based on people’s
cultural differences and demographics. Keller (2007) found that SI had a significant impact on the
intention to use virtual learning environments in developed countries such as the USA and the UK.
Similarly, Yang (2013) found that SI was a significant determinant of the acceptance of technology in
developed countries.
Facilitating conditions (FC) refer to other factors and resources, for example, the organisational and
technical infrastructure that lecturers believe could facilitate the adoption of VR for medical training.
Ogourtsova, Archambault and Lamontagne (2019) referred to FC as the degree to which organisational
and technical infrastructure exists to support the use of any system or technology. Similarly, Bracq et
al. (2019) noted that the organisation’s existing resources should support the adoption of a new
technology. Previous studies have emphasised the role that FC has on the intention to use a technology
(Chiu and Wang, 2008; Teo and Tan, 2012; Abubakar and Ahmad, 2013). Bangert and Doktor (2002)
noted that the adoption of advanced systems such as VR entails a shift in the organisational culture and
the organisation’s capability to learn and adapt to the new technology. In developing countries, factors
such as inadequate organisational structure, policies and politics can influence the organisation’s ability
to adopt and implement VR for medical training (Sood et al., 2008).
There are numerous IT adoption-related studies that have used the UTAUT framework (Sharma and
Citurs, 2004; Dadayan and Ferro, 2005; Schaper and Pervan, 2006; Al-Gahtani, Hubona and Wang,
2007; Neufeld, Dong and Higgins, 2007; Venkatesh, Brown, Maruping and Bala, 2008; Suhendra,
Hermana and Sugiharto, 2009; Al-Rajhi, Liu and Nakata, 2010; Bandyopadhyay and Bandyopadhyay,
2010; Diaz and Loraas, 2010; Maier, Laumer and Eckhardt, 2011; Nasri and Charfeddine, 2012; Teo
and Tan, 2012). Several other studies used the UTAUT framework to investigate VR adoption and
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implementation (Keller, 2007; Chiu and Wang, 2008; Van Raaij and Schepers, 2008; Jong and Wang,
2009; Tsai, Lin, Chiu and Joe, 2009; Wang, Cui, Yang and Lian, 2009; Šumak, Polancic and Hericko,
2010; Nistor, Wilson, Tamas and Radomir, 2011; Fulton, 2017). These studies focused on online virtual
learning systems and investigated hypotheses or research questions based on the UTAUT framework.
Most of the studies conducted qualitative research while some other studies adopted a mixed research
approach with students and/or educators as the research participants. Findings from all these studies
reflected that virtual learning systems are useful to enhance education in their respective countries, that
is, the USA, the UK, Japan and Indonesia (Keller, 2007; Chiu and Wang, 2008; Van Raaij and Schepers,
2008; Jong and Wang, 2009; Tsai et al., 2009; Wang et al., 2009; Nistor et al., 2011; Šumak et al.,
2010).
3.3. Conclusion of Chapter three
In this chapter, various theoretical frameworks were described. The chapter highlighted the framework
adopted in the study, namely, the UTAUT, along with the reasons for adopting it. The theoretical
framework was the foundation of the study because it guided both the research objectives and the
research questions. The next chapter discusses the methodology adopted in the study.
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CHAPTER FOUR: RESEARCH METHODOLOGY
4.1. Introduction
The ‘Research Onion’ was adopted for the study. Developed by Saunders, Lewis and Thornhill (2009),
the Research Onion approach demonstrates the stages that should be followed when creating a research
strategy. The Research Onion framework is useful because it can be adapted to most types of research
(Bryman, 2012). Saunders et al. (2009) stated that the layers of the Research Onion provide a detailed
explanation of the research process. The framework has six layers, that is, the research philosophy,
research approach, research strategies, research choices, research time-horizon, research technique and
procedure. These layers (illustrated in Figure 4.1) are discussed, in relation to the study, in detail below.
However, to begin with, the research questions are repeated, and the study’s theoretical framework
briefly outlined.

Figure 4. 1. The Research Onion: Saunders et al. (2009)
Source: Saunders et al. (2009)
4.2. Research Questions
i.

What is the perceived usefulness of using VR for medical training?

ii.

What is the perceived effort required to use VR for medical training?

iii.

What are the social factors that can influence the adoption of VR for medical training?

iv.

What are the facilitating conditions for the adoption of VR for medical training?

v.

What are the challenges to the adoption of VR for medical training?

vi.

What could be the solutions to overcome the challenges to the adoption of VR for medical
training?
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4.3. Study framework
The theoretical framework adopted in the study was the UTAUT. It was adopted as the theoretical
foundation because it is comprehensive and, according to Venkatesh et al. (2003), it accounts for 69
percent of intentions to use a technology when compared to other theories of technology acceptance,
for example, TAM, TPB, DOI, MM, MPCU, SCT and TRA. Venkatesh et al. (2003) noted that there
are four direct determinants of user acceptance and usage behaviour of a technology, namely,
performance expectancy, effort expectancy, social influence, and facilitating conditions that are
moderated by gender, age, voluntary use and experience. These determinants and moderating variables
can be used to determine the likelihood of a technology being adopted (Venkatesh et al., 2003).
Performance expectancy (PE) is defined as the extent to which an individual believes that using a system
will help him or her to attain some benefits in his/her job. Effort expectancy (EE) is the extent to which
a system is easy to use. Social influence (SI) refers to the degree to which an individual perceives the
importance of other people’s beliefs regarding the use of a technology. Facilitating conditions (FC)
refer to the existence of factors such as organisational and technical infrastructure to support the use of
a system (Venkatesh et al., 2003).
4.4. Research philosophy
The first layer of the Research Onion framework is the research philosophy (Saunders et al., 2009). The
research philosophy refers to the set of beliefs concerning the nature of the phenomena being
investigated (Bryman, 2012). May (2011) noted that the choice of the research philosophy is defined
by the type of problem under investigation. Flick (2011) added that the assumptions delineated in the
research philosophy provide the justification for how the research will be undertaken. Research
philosophies differ based on the goals of the research and on the most appropriate method that should
be used to achieve those goals (Goddard and Melville, 2004).
According to Hürlimann (2019), there are two main research philosophies that can inform the research
process, namely, positivism and interpretivism. Bryman (2012) stated that positivism is anchored in the
assumption that reality exists independently of the aspect being studied. Newman, Benz and Ridenour
(1998) posited that positivism claims that the meaning of the phenomenon under investigation is
consistent among the respondents. Bryman (2012) stated that positivism may include statistical or
quantitative methods, while interpretivism may include humanistic qualitative methods.
Thanh and Thanh (2015) noted that interpretivism suggests that the inherent meaning of the social
phenomena is created by each observer or group. In this way, a researcher should not assume that what
is observed during the data collection phase is interpreted in the same manner by all the respondents
(Thanh and Thanh, 2015). Similarly, Hürlimann (2019) noted that the interpretivism approach suggests
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that researchers need to examine the differences in the respondents’ understanding of the concept being
investigated rather than assuming that all the respondents feel the same way.
A research philosophy provides the justification for the research methodology that is undertaken in a
study and should, therefore, be informed by the nature of the phenomena being observed (Thanh and
Thanh, 2015; Hürlimann, 2019). In this study the interpretivism philosophy was used to determine the
respondents’ perceptions of the usefulness of VR in medical training; the effort required to use VR for
medical training; the social influence on the adoption of VR for medical training; the perceived
facilitating conditions for the adoption of VR for medical training; and, lastly, the challenges associated
with adopting VR for medical training in the context of South African higher education.

4.5. Research approaches
4.5.1.

Deductive approach

The deductive approach is best suited to contexts where a research project is concerned with examining
whether the observed phenomena fit within the expected results (Wiles, Crow and Pain, 2011).
Similarly, Silverman (2013) stated that the deductive approach develops hypotheses based on a preexisting theory and thereafter formulates the research approach to test it. Snieder and Larner (2009)
added that the deductive approach may, therefore, be considered appropriate for positivism which
permits the formulation of hypotheses and the statistical testing of expected results at a defined
significance level. However, Saunders et al. (2009) noted that a deductive stance may also be used with
the interpretive approach and in such cases, the expectations informed by pre-existing research would
be formulated using research questions rather than hypotheses. The deductive approach often tests an
existing theory (Kothari, 2004).
4.5.2.

Inductive approach

Bell, Bryman and Harley (2018) stated that the inductive approach focuses on the creation of
new theories and ideas from the collected data. In the inductive approach, observations are the starting
point for the researcher, and thereafter they are thoroughly searched to uncover patterns (Beiske, 2007).
Flick (2011) mentioned that in the inductive approach there is no initial framework that informs the
data collection process. The research focus can, therefore, be formulated after the data has been
collected (Flick, 2011). Bell et al. (2018) stated that the inductive method is more commonly used in
qualitative research, where the absence of a theory informing the research process may help reduce the
potential for researcher’s bias during the data collection stage. Flick (2011) noted that in an inductive
approach, interviews can be conducted to investigate specific phenomena and thereafter data may be
examined to deduce patterns within the respondents’ answers. Similarly, Bell et al. (2018) noted that
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this approach may also be used effectively within the positivist methodology where the data is analysed
initially, and significant patterns are used to formulate a theory.
The deductive research approach was used in this study. The UTAUT, developed by Venkatesh et al.
(2003), was used as a guide for the formulation of the research questions, objectives and interview
questions. Data was analysed and results were compared with the existing literature on the adoption of
VR for medical training purposes. Appendix 1 depicts the alignment of the research objectives,
questions and the interview questions with the UTAUT framework.
4.6. Research strategies
According to Saunders et al. (2009), a research strategy depicts how the researcher intends to carry out
the study and there is an array of research strategies. These strategies can be classified as experimental
research, action research, case study research, grounded theory research, survey research, and archival
research.
Experimental research refers to a research strategy that examines the results of an experiment against
the expected results (Saunders et al., 2009). This type of research strategy usually involves the use of a
relatively limited number of factors and the relationship between the factors is examined and evaluated
against the expected research outcomes (Saunders et al., 2009). Zeng, Pope, Lee and Gao (2018, p. 6)
noted that the “amount of variability” in the data is often captured in experimental research design. The
authors further noted that it is often possible to enhance the accuracy of the study by increasing the
sample size.
Action research is defined as a practical approach to a specific research problem within a community
of practice (Bryman, 2012). Wiles et al. (2011) stated that it involves reflective practice, which is a
systematic process by which the professional experience of a medical practitioner can be assessed. This
form of research is common in occupations such as teaching or nursing, where the practitioner can
assess ways in which they can improve their professional approach and understanding of, for example,
a medical condition (Wiles et al., 2011). Jenkins (2017) stated that research that is done on or with
participants is considered action research. Hence, the research is designed, conducted and integrated by
the participants in the study. Action research is an iterative process (similar to grounded theory research)
in which researchers investigate an identified problem to discover a solution within an acceptable ethical
framework (Jenkins, 2017). For instance, researchers might investigate approaches to obesity
prevention via surveys or interviews conducted in local churches, community centres, and/or schools.
Hence, in this way, action research aids in making the results of obesity research more generalisable
(Jenkins, 2017).
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Case study research involves the assessment of a single unit of study to establish its key features and
deduce generalisations (Bryman, 2012). Bryman (2012) added that this form of research is effective in
financial research, such as comparing the experiences of two companies or comparing the effect of
investments in different contexts over a period. Quinlan, Babin, Carr and Griffin (2019) noted that case
study research is also used in the sciences field, for example, social and life sciences. A case study is a
research methodology entailing an up-close, in-depth and detailed investigation of a subject of study,
and its related contextual conditions (Quinlan et al., 2019).
Grounded theory research entails the use of a qualitative method and an inductive approach in which
patterns are derived from the data as a pre-condition for a study (May, 2011). Bryman (2012) stated that
a study that uses grounded theory begins with the collection of data which may become the foundation
for emerging theories. Similarly, Glaser (1978) stated that the focus of data collection in grounded
theory should be on how relevant the data is to the study. The analysis and creation of theories occur
after data has been collected (Flick, 2011). Grounded theory is commonly used in social science
disciplines (Bryman, 2012). Holton and Walsh (2017) noted that grounded theory is a structured
research methodology which is not associated with any philosophical standpoint. Grounded theory
helps depict an integrated theoretical explanation of a pattern of social behaviour while being primarily
focused on discovering new theories. In addition, the data analysed using grounded theory does not
necessitate interpretation or co-creation by researchers (Holton and Walsh, 2017).
Smith-MacDonald, Reay, Raffin-Bouchal and Sinclair (2019) stated that grounded theory is the most
structured and well-used qualitative research methodology in the medical field. Smith-MacDonald et
al. (2019) also stated that a theory grounded in, and created from, a patient’s medical portfolio is more
likely to be successful in achieving the desired medical change, with the least negative consequences
when compared to a theory which is not derived from patients. Additionally, Jenkins (2017) noted that
the main focus of grounded theory is to investigate social phenomena in order to create a deeper
understanding that is derived from a systematic analysis of the study data. Grounded theory is
appropriate when the study of social interactions and/or experiences intends to describe a process, but
not to test or validate an existing theory (Jenkins, 2017). In addition, the main features of grounded
theory are its iterative study design, theoretical (purposive) sampling, and system of analysis (Jenkins,
2017).
An iterative study design entails a cycle of simultaneous data collection and analysis, where analysis
informs the next cycle of data collection (Lingard et al., 2008). Theoretical (purposive) sampling is
where the sample is not set at the outset of the study but is instead selected purposefully as the analysis
of data proceeds. Hence, participants are chosen to confirm or contest an emerging theory (Lingard et
al., 2008). Survey research refers to the collection of information that is obtained by asking participants
research-related questions and can be done face-to-face, on paper by means of a questionnaire,
55

telephonically or online by means of online forms (for example, Google Forms). Surveys normally use
interviews or questionnaires as data collection methods (Bell et al., 2018). Wagner, Mendez, Felderer,
Graziotin and Kalinowski (2019) stated that surveys enable researchers to obtain large amounts of data
that can be analysed for regularities, statistical averages and patterns. It is a common method in
statistical research, which is focused on discovering causal relationships between variables. There are
different types of surveys such as exploratory, descriptive and explanatory surveys (Wagner et al.,
2019). Explorative surveys are generally used as a foundation to investigate issues such as theory
constructs not being predicted upfront and instead discovered as the research progresses (Wagner et al.
2019). Descriptive surveys are done to develop statements and/or claims or assumptions about a
population. Statements based on the social characteristics of a population, for example, education,
training, profession and location, can be used to investigate how these characteristics could be related
to an individual’s behavioural patterns and/or attitude toward technology adoption. In this example, the
focus is on finding what correlations exist that influence technology adoption (Wagner et al. 2019).
Wagner et al. (2019) further noted that explanatory surveys focus on deriving explanatory statements
about a population (for example, why certain techniques are utilised in specific contexts).
An archival research strategy can be used in a research study that is solely based on existing data, also
referred to as secondary data (Flick, 2011). Flick (2011) stated that this form of research may involve a
systematic literature review, where patterns in existing research are examined. Archival research may
also refer to historical research, whereby a body of secondary data resources is analysed to address
specific research problems (Flick, 2011). Similarly, Heng, Wagner, Barnes and Guarana (2018) stated
that the archival research design consists of examining historical data which is stored for purposes apart
from purposes for academic research. Heng et al. (2018) believed that studies based on the archival
research design have many benefits, including an increased generalisability. However, archival research
design may also have disadvantages that could subsequently result in researchers concluding on
misleading inferences based on false results (Heng et al., 2018). In addition, Heng et al. (2018) noted
that one of the main features of archival research is the nature of data which entails using pre-existing
research (also referred to as secondary data) as part of a study.
4.7. Research choices
4.7.1.

Quantitative research method

Quantitative research focuses on gathering numerical data and generalising it across groups of people
to explain a particular phenomenon. Goddard and Melville (2004) noted that there are various statistical
standards to examine the validity of the quantitative approach, such as the number of respondents that
are required to establish a statistically significant result. Similarly, May (2011) stated that quantitative
methods can be used in cases where there are many potential respondents, and/or the data can be
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effectively analysed using statistical tests. Similarly, Rajasekar, Philominathan and Chinnathambi
(2013) stated that the quantitative method is used when the data can be statistically analysed. Although
this research method is informed by the positivist philosophy, it can be used to investigate a wide range
of social phenomena, including feelings, beliefs and opinions (Goddard and Melville, 2004).
Bhattacherjee (2012) noted that quantitative research methodology often refers to the systematic
investigation of a phenomenon through statistical and mathematical analysis as well as the processing
and analysis of numerical data. Similarly, Basias and Pollalis (2018) stated that quantitative research
generally entails the systematic and statistical examination of a problem through the processing of
numerical data while Braun et al. (2019) noted that quantitative research data is often obtained and
analysed in a numerical or statistical form. Basias and Pollalis (2018) added that the process of
examining a problem through the use of numbers in quantitative research provides a fundamental link
between empirical observation and mathematical expression of quantitative relations.
It is essential to analyse and process a large quantity of data to verify or test a theory (Bhattacherjee,
2012). Similarly, Basias and Pollalis (2018) noted that quantitative research is used to analyse and
process a large quantity of data to validate and test a theory. Furthermore, the quantitative approach
simplifies the processing of a large amount of data (Basias and Pollalis, 2018). Braun et al. (2019) also
pointed out that quantitative research methodology assists with the processing, summarising and
analysing of large quantities of data.
Bhattacherjee (2012) stated that quantitative research entails the correlation with experiments, the
testing of hypotheses related to the phenomena, the use of advanced statistical tools, and the use of
questionnaires. Basias and Pollalis (2018) noted that quantitative research is effectively done via
questionnaires or surveys containing close-ended and/or open-ended questions generally in the form of
short answers (Basias and Pollalis, 2018). Bhattacherjee (2012) added that quantitative research is also
used when there is uncertainty related to the theories under examination and that statistical tools are
used to conduct an analysis. Basias and Pollalis (2018) stated that quantitative research enables
comparison of data through the use of empirical valuation indicators and tools. In quantitative research,
data processing is typically performed using distinctive statistical tools and software (Braun et al.,
2019).
Some advantages of quantitative research include obtaining a result that is numerical (quantitative)
thereby preventing a study from being influenced by personal feelings or opinions in considering and
representing research and facts (Basias and Pollalis, 2018). Similarly, Braun et al. (2019) noted that the
result of a quantitative study is numerical and is, therefore, often considered to be more objective (factbased, measurable and observable).
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4.7.2.

Qualitative research method

The qualitative approach is deduced from the interpretivism paradigm (Bryman, 2011). The qualitative
approach is used when data pertaining to a phenomenon is meant to be collected subjectively and,
therefore, cannot be measured empirically (Rajasekar et al., 2013). Similarly, Bryman (2011) stated
that the aim of a study based on the qualitative approach is to investigate the respondents’ understanding
of the phenomena being examined. Rajasekar et al. (2013) indicated that the qualitative approach is
used when the researcher wants to gain an in-depth understanding of the phenomena being investigated.
The qualitative approach requires the researcher to avoid imposing his or her own perceptions about the
social phenomena being investigated onto the respondents (Bryman, 2011). It can, therefore, be
concluded that the qualitative approach, unlike the quantitative approach, is used for examining the
significance of the social phenomena, rather than identifying a causal relationship between established
variables (Yvonne Feilzer, 2010).
Basias and Pollalis (2018) noted that qualitative methodology helps to deal with phenomena by
analysing participants’ experiences, behaviours and social relations. Qualitative research methodology
often provides answers to research questions through a word-based research approach (Basias and
Pollalis, 2018). Similarly, Braun et al. (2019) pointed out that qualitative research is defined as an
arrangement of explanatory techniques that describe, decode and translate concepts instead of
measuring the frequency of certain phenomena in society. Basias and Pollalis (2018) noted that
qualitative methodology assists researchers to understand the nature and complexity of the phenomenon
being investigated hence enabling research in relatively new areas. The proponents of qualitative
research claim that the quality of recording, comprehending and analysing a phenomenon is
significantly reduced when the texts are quantified (Basias and Pollalis, 2018).
Braun et al. (2019) noted that qualitative methodologies challenge the researcher to interpret the data
and to draw the conclusion based on his or her observation. A researcher who follows a qualitative
research approach observes, interviews, summarises, describes, analyses and interprets the phenomena
being investigated. The main advantage of qualitative methodology is that it supports the in-depth study
of the problem being investigated (Braun et al. 2019). Qualitative research methodology uses flexible
questionnaires (that is, open-ended questionnaires) or interviews for an in-depth understanding of the
problem. During interviews, audio recordings from the session are converted to text for easier
interpretation (Basias and Pollalis, 2018). Similarly, Braun et al. (2019) noted that qualitative research
methodology assists with an in-depth investigation of the phenomena being investigated via the use of
interviews. Hence, this study used a qualitative approach to gain an in-depth understanding of the
potential adoption of VR for medical training from the perspective of a South African higher education
institution.
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4.7.3.

Differences between quantitative and qualitative research methodology

The choice of a quantitative or/and qualitative research methodology is informed by the research aim,
objectives, the nature of the study and the research questions. Table 4.1 describes the differences in
quantitative and qualitative research methodologies to enable researchers to better understand these
aspects and thereby inform their decision to adopt one or both of these methodologies.
Qualitative research

Quantitative research

Qualitative research methodology includes an Quantitative research methodology refers to the
interpretation of techniques that aim to describe systematic, empirical examination of phenomena
and decode phenomena instead of measuring the via statistical and mathematical analysis and the
frequency of phenomena in society.

processing and analysis of numerical data.

There is often uncertainty about the assumptions There is no uncertainty about the assumptions
under investigation because the interpretation of under investigation because the interpretation of
participants’ responses based on the researcher’s participants’ responses is done using empirical
understanding and is, therefore, subjective.
Qualitative

research

methodology

means.

obtains Quantitative

research

methodology

obtains

information via interviews which enable an in- information via large volumes of questionnaires
depth understanding of the phenomena being which are interpreted using statistical tools.
investigated.
Table 4. 1. Comparison of qualitative and quantitative research methodologies
Source: Braun et al. (2019)
4.7.4.

Mixed-method approach

The mixed-method approach uses both qualitative and quantitative approaches and can be portrayed as
using both open and closed-ended questions in interviews and questionnaires to answer the
research questions (Bell et al., 2018). One advantage of using a mixed-method approach is that it allows
one of the method’s weaknesses to be offset by the other method’s strengths. As noted above, this study
used a qualitative approach to gain an in-depth understanding of the potential adoption of VR for
medical training at a South African educational institution.

4.8. Time-horizons
Time-horizon refers to the timeframe within which a project is expected to be completed (Saunders et
al., 2009). Two types of time-horizons are specified within the Research Onion, that is, cross-sectional
and longitudinal time frameworks (Bryman, 2012). Flick (2011) noted that in the cross-sectional time59

horizon, data is collected within a single, specified timeframe. In contrast, in a longitudinal timehorizon, data is collected repeatedly over an extended period of time and is used when examining
change over time which can be an important component of a research study (Goddard and Melville,
2004). Similarly, Bryman (2012) noted that the longitudinal time-horizon can be used to evaluate
change and development within a phenomenon. Goddard and Melville (2004) stated that the
longitudinal time-horizon allows for the establishment of some control over the variables being studied.
The time-horizon selected should not be dependent on a specific research approach or methodology
(Saunders et al., 2009). This study adhered to the cross-sectional time-horizon as data was collected
within one specific timeframe.
4.9. Data collection
4.9.1.

Study site and target population

The physical location where the data is collected is referred to as the study site. In the context of this
study, data was collected from the UKZN College of Health Sciences at the Westville Campus in
Durban. The College consists of four schools: the School of Health Sciences; the School of Clinical
Medicine; the School of Nursing and Public Health; and the School of Laboratory Medicine and
Medical Sciences. In January 2019, the College had 6 242 students, 642 staff members (academic and
non-academic) and 63 postdoctoral fellows (UKZN, 2019). Data was collected from the School of
Laboratory Medicine and Medical Sciences. This School was chosen (instead of one of the other
schools) because it is located on the same campus where the researcher was based at the time of data
collection. Hence, it was convenient for the researcher to collect data from the School. The description
of the School (obtained from the UKZN website) indicated that it focuses on anatomy and physiology,
and inpatient and outpatient care for terminally ill patients in its syllabus. The School has 55 academic
staff members of which 12 were selected as participants. The participants were or had been, in the
healthcare industry as practising doctors and they were also academics in that they were employed by
UKZN and were teaching at the Medical School. Therefore, based on their medical and teaching
experience (as well as other criteria - see below), they were considered best-suited to provide responses
that would contribute to answering the research questions.
4.9.2.

Sampling techniques

Sampling techniques aid in the choice of an appropriate sample size for a study (Bryman, 2012). There
are several accepted techniques that can be used such as probability and non-probability sampling
techniques.
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4.9.2.1. Probability sampling techniques
Bryman (2012) stated that probability sampling is a process that affords potential respondents with
equal chances of being selected to be part of a study. There are several different types of probability
sampling techniques such as random, stratified, cluster, systematic and multi-stage sampling.
In simple random sampling, individuals within a larger population are chosen unsystematically
(Bryman, 2012). However, Neuman and Kreuger (2003) stated that this can result in random
distribution, which may lead to data being skewed. For example, a random sample may result in more
males than females being represented in a sample, or an unequal distribution across ages (Neuman and
Kreuger, 2003). A systematic random sample is obtained from the population by choosing a random
starting point and subsequently selecting respondents based on a certain interval. The interval is
calculated by dividing the entire population size by the desired sample size (Flick, 2011). For example,
if a local hospital requires a sample of 500 volunteers from a population of 5000 people, the hospital
can select every 10th person from the population to get a systematic random sample (Flick, 2011).
Similarly, Lynn (2019) stated that systematic sampling is generally used because it is relatively easy to
implement, and it can be used to govern the dispersal of a sample across a combination of variables.
A stratified sample may be used to ensure that the sample respondents reflect the significant
characteristics of the population, such as making sure that the demographic characteristics of age and
gender are reflected in the sample (Newman, Benz and Ridenour, 1998). For instance, a researcher
divides a sample of adults according to age into subgroups such as 18-29, 30-39, 40-49, 50-59 and so
on (Flick, 2011). Jing, Tian and Huang (2015) stated that stratified sampling consists of datasets which
are grouped into similar categories or subsets known as strata, with a common set of data being selected
from each stratum. Similarly, Zhao, Liang and Dang (2019) pointed out that stratified sampling is
commonly conducted in two steps. The first step entails dividing the dataset into groups known strata,
and the second step deals with randomly sampling within each stratum to select commonly occurring
subgroups. The authors) found that combining clustered sampling with stratified sampling outperform
the results obtained from using random sampling only. However, stratified sampling has higher
estimation efficiency and better clustering quality when compared to the other probability sampling
techniques such as cluster, simple random and systematic random sampling (Zhao et al., 2019).
Cluster sampling entails dividing the population into groups and, thereafter, randomly selecting the
sample from those groups (Neuman and Kreuger, 2003). A researcher, for instance, may investigate the
academic performance of high school students in England. The researcher can thereafter divide the
population of England into various clusters (in this case, in terms of cities). The researcher can
subsequently select a sample from each cluster, depending on the research objectives, through simple
or systematic random sampling (Neuman and Kreuger, 2003).
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Flick (2011) stated that multistage sampling requires the researcher to divide the population into
categories to make sampling easier and it generally uses a combination of other probability sampling
techniques.
4.9.2.2. Non-probability sampling techniques
Bryman (2012) noted that non-probability sampling is based on the researcher’s subjective judgement.
There are several types of non-probability sampling techniques such as convenience, consecutive,
purposive and snowball sampling (Bryman, 2012).
In convenience sampling, data is collected from a population of individuals who are conveniently
accessible to the researcher (Bryman, 2012).
Bhattacherjee (2012) stated that consecutive sampling is similar to convenience sampling except that it
requires using all available respondents as part of the sample. This sampling technique ensures that the
researcher has the opportunity to work with multiple samples to gain better insights into a phenomenon.
Kohler, Kreuter and Stuart (2019) noted that snowball sampling is generally used with a small
population size. In this instance, the researcher requests the initial respondent to identify another
potential respondent.
Purposive sampling is a type of non-probability sampling whereby respondents are chosen to be part of
the sample based on the researchers’ judgement of the respondents’ knowledge of a subject under
investigation (Kohler et al., 2019).
The purposive sampling technique was used in this study to determine the potential adoption of VR for
medical training from lecturers who teach and/or practice medicine. The reason for adopting this
sampling technique was to identify and select respondents who could potentially have knowledge of
the use of VR for medical training.
4.9.3.

Sample size

The sample size represents the selected number of respondents in a study from the overall population
(Newman, Benz and Ridenour, 1998). Bryman (2012) noted that in quantitative research, the size of a
sample is essential in determining the reliability of the study’s results. A sample size that is less than
thirty will tend to produce results that are skewed (Bryman, 2012). Hence, generally, reliable results are
obtained from large sample sizes (Flick, 2011). However, in qualitative research, the size of the sample
is less important, and the concept of representativeness is not a strong indication of the validity of
qualitative research (Flick, 2011).
According to Creswell and Miller (2000), qualitative research generally requires a smaller sample size
than quantitative research. Similarly, some researchers have stated that qualitative research is in-depth
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and, therefore, the sample required for the analysis of the data is generally small and selective (Cormack
1991; Carr, 1994).
4.9.4.

Sampling process

The researcher used the UKZN website to obtain a list of staff members from the School of Laboratory
Medicine and Medical Science on the Westville Campus. The staff list was screened and staff who did
not fit into the inclusion criteria were excluded from participating in the study. As stated, the study used
the purposive sampling method to choose the participants. To obtain a purposive sample, the researcher
was particularly interested in academic staff members who had taught medicine or those whose research
focused on medical education or the use of technologies in medical practices. Of the 55 academic staff
members in the School, 12 participants were selected using the inclusion criteria above. Of the 12
participants, four professors were interviewed because all of them had taught medicine and had
conducted research on the use of technologies in the medical field. Three senior lecturers were selected
because they were teaching medicine and also conducted research on medical education. Five lecturers
were selected as they were currently teaching medicine. In addition, all the selected participants were
or had been, general medical practitioners.
4.9.5.

Data types

There are two main types of data, namely, primary data and secondary data.
4.9.5.1. Primary data
Primary data is derived from first-hand sources (Saunders et al., 2009). This can be historical first-hand
sources or data derived from a survey or interview (Bryman, 2012). Similarly, Glaser and Strauss (1967)
showed that data could be collected from primary sources such as participants in a study. Flick (2011)
noted that data derived from a collection of statistics by a researcher can constitute primary data.
Therefore, primary data is best defined as data that is analysed as itself, rather than through the analysis
of other data. This study collected first-hand (or primary) data from the respondents.
4.9.5.2. Secondary data
Glaser and Strauss (1967) stated that secondary data consists of academic documents, surveys, books
and articles and that it assists the researcher to understand the phenomena being investigated. However,
Newman, Benz and Ridenour (1998) were of the view that secondary data is derived from the opinions
of other researchers. For example, the conclusions of a research article can be considered as secondary
data because they comprise information that has already been processed by another researcher
(Newman et al., 1998). Kothari (2004) added that results that emanate from a statistical analysis of data
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collected from a close-ended questionnaire can constitute secondary data. The most effective distinction
between the two types of data (primary and secondary) is based on how the data is used, rather than the
inherent characteristic of the data itself (Flick, 2011). For instance, newspapers may be used as both
primary and secondary sources for data, depending on whether the reporter was physically present
during the incident or not (Flick, 2011).
4.9.6.

Data collection methods

The data collection method depends on the research methodology used in a study (Bhattacherjee, 2012).
In addition, the data collection method used in a study influences the study’s overall reliability and
validity (Saunders et al., 2009). There are three types of interviews, that is, structured, semi-structured
and unstructured. In structured interviews, the questions are asked in a standardised manner and follow
an order where respondents are asked the same questions while in unstructured interviews the
respondents are asked different questions in a non-standardised manner (Saunders, Lewis, Thornhill
and Bristow, 2015). This study used semi-structured interviews to collect data from the respondents
because they are more flexible than structured interviews. In this regard, semi-structured interviews are
‘informal’ and can be used to probe respondents for additional information. Semi-structured interviews
are also systematic when compared to unstructured interviews (Saunders et al., 2015).
4.9.7.

Data collection process

Interviews were arranged based on the respondents’ availability. Interview questions were formulated
and were used as a guide during the interviews. Responses were recorded using an audio recorder and
were later transcribed, verbatim, to a disc. The transcribed documents were then sent to the relevant
participants for validation.
Dworkin (2012) stated that obtaining repetitive information will indicate the attainment of saturation
because adding more respondents to the study does not result in additional perceptions or information.
Authors have stated that data saturation is reached when there is adequate information to duplicate the
study (Walker, 2012; O’Reilly and Parker, 2013); when one can no longer obtain additional or new
information (Guest, Bunce and Johnson, 2006); and when further coding or categorising of data into
themes is no longer possible (Guest et al., 2006). Guest et al. (2006) further noted that data saturation
may be attained after six interviews depending on the sample size. However, Dibley (2011) and
Burmeister and Aitken (2012) have stated that it may be best to think of data in terms of richness and
thickness rather than by the size of the sample. According to Fusch and Ness (2015), the simplest way
to differentiate between rich and thick data is to think of ‘rich’ as the quality of data obtained and ‘thick’
as the quantity of data obtained. Simply stated, thick data is a large amount of data and rich data is data
from which detailed information can be extracted to answer the research questions (Fusch and Ness,
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2015). Creswell and Miller (2000) pointed out that thin data lacks detail and simply reports facts and
statements with no thorough explanation of the findings, while thick data provides more detailed
findings.
Regarding this study, the researcher interviewed all 12 academic staff targeted and by the twelfth
interview it was realised that saturation had been reached, that is, respondents 10, 11 and 12 provided
similar information as previous interviewees. Thus, no new information could be derived from their
responses.
4.10.

Data analysis

Thematic data analysis was used to gain in-depth knowledge from the collected data (Braun and Clarke,
2006). Stake (1995) and Yin (2003) recognised the importance of effectively organising data. The
advantage of using a database to accomplish the organisation of data is that the data is available for
independent examination and analysis later (Stake, 1995; Yin, 2003). Baxter and Jack (2008) stated that
a database improves the reliability of a study because it enables the researcher to organise data sources
like documents, interview materials, photographs and audio files which can be stored in the database
for subsequent easy access and retrieval. In this study, the tool Listen N’ Write was used to transcribe
the audio files and the qualitative data analysis tool, NVivo, was used to analyse the collected data by
coding the data into themes, analysing the themes and interpreting them in the light of the available
literature.
Figure 4.2 depicts an example of the process used to analyse data. However, this figure is an excerpt
from only one respondent. Responses from each respondent were transcribed and imported into the
Nvivo software. Thereafter, the researcher created nodes based on the most commonly occurring
information (themes). The interviewees’ responses were assessed to determine the themes that aligned
with the UTAUT framework and sub-themes were derived from these. As depicted in the example
portrayed in Figure 4.2, the respondent’s answer was mapped to the construct of the UTAUT framework
(performance expectancy). This was noted when the respondent stated that VR adheres to ethical
standards (refer to Figure 4.2 for the full response).
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Figure 4. 2. Excerpt of the data analysis process (using one response)

4.11.

Data quality control

Data quality control consists of ensuring the validity and reliability of the data. Several frameworks
have been developed to assess the trustworthiness of qualitative data (Guba, 1981; Lincoln and Guba,
1985, Guba and Lincoln, 1994). Guba and Lincoln (1994) proposed four criteria for determining the
‘correctness’ of qualitative research compared to quantitative research, as depicted in Table 4.2 below.
Traditional criteria (quantitative)

Alternative criteria (qualitative)

Internal validity

Credibility

External validity

Transferability

Reliability

Dependability

Objectivity

Confirmability

Table 4. 2. Quantitative data vs qualitative data control
Source: Guba and Lincoln (1994)
According to Patton (2005), the credibility criterion determines whether the results of the qualitative
research are credible from the perspective of the respondents. Some researchers noted that the use of
multiple data sources is a strategy that can enhance data credibility (Patton, 1990; Yin, 2003; Baxter
and Jack, 2008). Baxter and Jack (2008) stated that these data sources may include documentation,
archived records, interviews, physical artefacts and observations. The process of reviewing multiple
data sources to enhance the validity of the study is referred to as triangulation. Creswell and Miller
(2000) stated that triangulation is a systematic process of sorting data to find common themes or
categories by eliminating overlapping areas. The authors further stated that triangulation is a valid
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method for assessing the quality of a study because researchers rely on multiple forms of evidence
rather than a single incident or data source in the study (Creswell and Miller, 2000). Baxter and Jack
(2008) pointed out that during data collection and analysis, researchers may also incorporate a process
of member checking, where the researchers’ understanding of the data (participants’ responses) is
shared with the respondents. This could contribute new or additional perspectives about the study. In
this study, the respondents assisted with the credibility of the results by verifying the information that
they provided to the researcher. In this instance, the researcher emailed the transcribed copies of the
interviews to the respondents for them to validate the transcription.
Transferability refers to the degree to which the results of qualitative research can be generalised or
transferred to other settings (Brantlinger, Jimenez, Klingner, Pugach and Richardson, 2005). In this
study, the researcher enhanced transferability by thoroughly describing the research context and the
assumptions that were central to the research.
The qualitative stance on dependability refers to whether the research can describe the changes that
occur in the setting and how the changes affected the way the research was conducted (Golafshani,
2003). The researcher aimed at enhancing dependability by recording any changes that occurred during
the data collection process that would have affected the study. These changes and their effects are
explained in the limitations section of the dissertation below.
According to Krefting (1991), during the analysis stage, the consistency of the findings or the
dependability of the data can be enhanced by having multiple researchers independently code a set of
data and thereafter meet to provide consensus on the emerging codes. In a similar vein, Baxter and Jack
(2008) noted that researchers may also choose to implement a process of double coding whereby a set
of data is coded, and thereafter the researcher re-codes the same data set and compares the results.
However, in this study, due to time constraints, it was not possible to double code.
According to Golafshani (2003), confirmability may be defined as the degree to which the results could
be confirmed by others. There were various strategies that the researcher used to enhance
confirmability. For example, the researcher documented the procedures used for checking and rechecking the data throughout the study and by both recording the interview and writing down the
responses from the respondents. Golafshani (2003) stated that a data audit should be used to identify
the potential for bias or distortion of the results. If bias or distortion are found, this should be reported
as a limitation of the study (Golafshani, 2003). At the end of this study, the researcher conducted a data
audit to examine the data collection procedures by, as noted above, emailing the transcribed documents
to the respondents to confirm the information they provided. The data audit revealed that the collected
data was not distorted.
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4.12.

Ethical considerations

According to Gregory (2003), ethical considerations ensure that the researcher’s objective is not solely
focused on collecting data from the respondents but that it also considers the respondent’s safety and
dignity. In the context of this study, the researcher applied for ethical clearance from the UKZN and it
was approved (reference number: HSS/0679/018M) on 21 June 2019 (refer to Appendix 1: Ethical
Clearance Letter) before data collection commenced.
Confidentiality, as an ethical consideration, was adhered to in the study. Thus, personal information
such as the names of the interviewed staff members (who had consented to participate in this study)
was kept confidential by allocating codes (numbers 1-12) to their responses and names were not used
in the reporting and discussing of the findings. Interviews were recorded using a voice recorder after
obtaining consent from the participants to do so. To help ensure the validity of the research, a data audit
was conducted. In terms of the audit, the audio files were transcribed, and the transcribed files were
stored in computer folders. Folders were named after each respondent to ensure that each respondent
received his or her own responses. Once the audit verification was completed, the researcher deleted
the respondent’s names from the documents and re-named the documents with codes that had been
assigned to the respondents during the data collection phase. These codes were written down manually
when the interviews were being conducted (for example, Mr X, Interview 1: 26/12/2019). In the analysis
phase, transcribed documents were imported into Nvivo and the names of those documents remained
coded.
4.13.

Conclusion of Chapter four

This chapter discussed the methodology adopted in the study using the Research Onion Framework.
The chapter identified and explained the research philosophy, approach and strategy adopted in the
study. It further explained the research choice, time-horizon and the data collection and analysis
procedures followed in the study.
The following chapter presents and discusses the results of the data analysis phase.
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CHAPTER FIVE: FINDINGS AND DISCUSSION
5.1. Introduction
Lune and Berg (2017) stated that the research questions should be tied in with the findings and presented
as such. Similarly, Tracy (2019) stated that a researcher should be able recognise the patterns or
common ideas that emerge from the data to classify it as findings. These patterns should be aligned with
the research questions (Tracy, 2019). Hennink, Hutter, and Bailey (2020) added that one major
challenge in qualitative research is the presentation of findings because the results are often confused.
As a suggestion, Hennink et al. (2020) noted that researchers should focus on the research questions
when presenting their findings.
This chapter discusses the results of the study based on the participant’s commonly stated ideas.
5.2. Designation of respondents
Table 5.1 depicts the designation of the 12 interviewees. Four were professors, three were senior
lecturers and the remaining five had the rank of lecturer. These academics were chosen because they
are experts in their fields. Their research focused on medical education and/or the integration of
technology in medicine. The interviewees were or had been, practicing doctors and were currently
employed in the School of Laboratory Medicine and Medical Science at the UKZN Westville Campus
in the city of Durban in South Africa. The interviewees were assigned numbers (according to scheduled
appointments) to maintain their confidentiality.
Respondent number

Designation

Total Number of

Publications on medical education and/or

Publications

technology integration

1

Senior lecturer

15

10

2

Lecturer

10

7

3

Professor

9

4

4

Senior lecturer

15

7

5

Professor

13

5

6

Lecturer

3

2

7

Senior lecturer

33

11

8

Professor

15

5

9

Professor

24

15

10

Lecturer

4

4

11

Lecturer

6

3

12

Lecturer

5

2

Table 5. 1. Designation of respondents and publications made
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5.3. Answering the research questions
5.3.1

Research question 1: What is the perceived usefulness of using VR for medical training?

VR is beneficial from an ethical perspective
Some respondents indicated that VR would be beneficial from an ethical perspective. In this instance,
respondent 1 stated: “VR would be beneficial from an ethical perspective because students would not
be required to use human cadavers to conduct tests and diagnoses”. Respondent 2 added: “…in terms
of good practice and ethics, VR would be useful because students would not need to wait for a cadaver
to perform medical tests to investigate the results”. Similarly, respondent 3 stated that “Medical
students will be able to improve their skills by practicing medicine using virtual reality instead of
practicing on a real person because they do not need to wait for a real-life patient to display the
symptoms required for medical examination”. Several authors have also noted that the use of VR for
medical training purposes addresses some ethical concerns because students do not need to train using
real-life patients (Freina and Ott, 2015; Nickel et al., 2015; Ruthenbeck and Reynolds, 2015).
Thomsen et al. (2017) stated that the use of VR for medical training adheres to ethical practices because
students can practice diagnostic and therapeutic interventions at any time without having to wait for a
real-life patient to display specific symptoms. However, Lazarus et al. (2019) found that although
technology such as VR for medical training is ethically beneficial, it is simply a tool used to support
training and should not replace dissections using human and animal cadavers. Similarly, Alblas et al.
(2018) cited the President of the Anatomical Society who was of the opinion that using a human or
animal cadaver helps medical students develop their emotional and interpersonal skills which computer
graphics cannot assist them with; hence, technologies such as VR should not replace human or animal
dissections but should rather complement them.
In South Africa, medical interns or residents (post-graduate students) are required to participate in
community initiatives at various local public hospitals (Dos Santos, 2019). Alblas et al. (2018) noted
that medical students in South Africa often use a real-life patient for training on how to diagnose and
treat illnesses. Residents need to wait for patients to display full-blown symptoms before they start the
diagnosis process because diagnosing on the basis of a few partial symptoms can lead to misdiagnosis
and incorrect treatment (Alblas et al., 2018). Waiting for a patient to display full-blown symptoms can
be time-consuming. Instead of students waiting for real-life patients to display full-blown symptoms,
VR can be used to practice diagnosing various symptoms. This can be much safer than practicing on
humans that are alive. Pelargos et al. (2017) noted the importance of developing and adopting advanced
technologies such as VR to increase residents’ exposure to surgical procedures and to decrease the risk
associated with using real-life patients during training sessions. Similarly, Hu et al. (2019) pointed out
that using VR for medical training warrants patient safety.
70

Guedes et al. (2019) revealed in their study that VR could be used to provide practical training for a
resident (medical student) trainee under the supervision and guidance of an experienced surgeon,
thereby minimising the risk of negative outcomes. The resident could be trained using a VR simulator
prior to surgery, thus giving the resident increased surgical experience without exposing patients
(Guedes et al., 2019).
In South Africa, residents utilise human cadavers to practice surgical procedures (Sheikh, Barry,
Gutierrez, Cryan and O’Keeffe, 2016). This implies the need for a continuous supply of dead human
bodies to train surgeons. However, this is not always the case. In 2011, for instance, there was a shortage
of human cadavers that could be used for training purposes (Dardagan, 2011, p. 12). People are
generally reluctant to donate their bodies or those of their relatives due to cultural or religious reasons.
The UKZN had to appeal to the community to voluntarily donate their bodies for medical experiment
(after death). A common practice is to use dead bodies that have not been claimed by relatives and
hence recorded as unidentified individuals (these unidentified individuals are commonly referred to as
Jane or John Doe) (Sheikh et al., 2016). However, according to Sheikh et al. (2016), dissecting a human
body requires consent and it is unethical if consent from the relevant people is not given. In the case of
a Jane or John Doe, it is, therefore, technically unethical to dissect the deceased body if consent has not
been granted. One way of avoiding this practice is to use a virtual patient for practicing surgical
procedures instead of dissecting an unclaimed human body without the family’s consent (Sheikh et al.,
2016; Alblas et al., 2018; Popoola et al., 2020).
VR provides a safe environment for training
Respondent 6 commented that VR could be used to prepare students for critical medical interventions
without putting the patient’s or the student’s life in danger. The respondent further stated: “VR could be
used to train students to identify the correct treatment in cases where there are accidents or multiple
casualties”. In this regard, Salam et al. (2016) noted that VR is utilised in simulation-based education
to train students to become medical professionals by creating a safe environment in which students can
practice medical procedures. Similarly, Al Kuwari (2018) stated that VR provides a danger-free
environment to practice medical procedures. Hence, in the context of South Africa, as alluded to by
respondent 6, VR can create a safe environment for medical training.
VR provides a suitable environment to practice procedures that are seldom performed in real-life and
improves student’s decision-making
According to Thomsen et al. (2017), virtual environments allow students to safely practice rare
procedures and diagnostic interventions that are often only read about in textbooks. In a similar vein,
Hu et al. (2019) noted that VR creates procedures that are seldom seen in real-life. The practicing of
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rare diagnoses subsequently enables students to improve their knowledge and general decision-making
skills (Thomsen et al., 2017; Hu et al., 2019). Sweeney (2012) noted that simulation-based training can
improve students’ knowledge, decision-making, and surgical skills. Respondent 6 stated that VR allows
students to experience the “tense” real-world clinical environment that requires immediate responses,
analysis and decision-making (especially when managing critically ill patients). The respondent noted:
“VR provides a good and safe practice environment for aspects that are highly technical but are seldom
performed by doctors but need to be well-known by them”. The respondent went on to state: “….an
example of a procedure that is seldom performed but needs to be well-known is cricothyrotomy. This
procedure involves making an incision into a specific area of the patient’s neck to insert a plastic tube
through a thin membrane in the trachea. This procedure requires speed and accuracy and can be lifesaving if it is performed correctly but deadly if it is not performed correctly hence a quick analysis and
decision about the area of incision need to be taken”.
VR allows students to make errors and learn from them
Respondent 3 stated: “virtual reality also allows medical students to make mistakes and learn from it
without the risk of harming real patients”. Similarly, respondent 10 pointed out that VR enables
students to make errors which they can “undo” in the simulated environment when compared to a reallife situation. Tun et al. (2015) stated that VR mannequins, such as model-driven and instructor-driven
VR mannequin systems, may be used to teach basic sciences such as pharmacology and physiology and
could also be used to teach complex medical management of a patient case, including drug
administration, cardiopulmonary resuscitation, endotracheal intubation, tracheostomy, and insertion of
chest tubes. VR, therefore, allows students to practice procedures, make errors and learn from those
errors to ensure competency in the real-world. In the context of South African medical training, Popoola
et al. (2020) noted that dissecting a human cadaver to practice surgical skills requires precision because
an incorrect dissection cannot be undone, unlike using a virtual patient where errors can be made and
reversed. The process of making errors and being able to see the outcome thereof results in learning and
knowledge retention (Popoola et al., 2020).
VR helps students to gain real-life exposure
Respondent 4 stated that VR can assist students to gain real-life exposure: “Students can practice
diagnosis and treatment of patients with common diseases. Students, for instance, can prepare for how
it would be in a hospital environment”. Similarly, both Issenberg et al. (1999) and Pulijala et al. (2017)
noted that an effective VR simulation would expose students to life-like situations in the virtual
environment. Yule et al. (2006) pointed out that surgeons need to learn how to perform surgical
procedures in a VR simulated environment before entering the OR. They noted that VR simulations
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offer the best training for novice learners such as recently qualified nurses, surgical technicians, medical
students, and anaesthesia and surgery residents (Yule et al., 2006).
Respondent 3 mentioned that medical students can benefit from using VR by repeatedly practicing
medical procedures which will reduce the prospects of “misdiagnosing patients”. Similarly, respondent
8 stated that “VR could be helpful for students who need to practice procedures that require repetition
to perfect. In cardiology, for instance, it would be useful for teaching cardiopulmonary resuscitation
(CPR) in a more realistic environment”. Respondent 4 pointed out that a virtual environment could be
used to continuously practice medical procedures to gain experience and knowledge. Similarly,
Pelargos et al. (2017) stated that a virtual environment that mimics the real environment could be used
to train students and surgeons to prepare them for the real-world. Zhang et al. (2019) noted that currently
in the USA, VR and motion-sensing devices are used for immersive and interactive training as well as
physical exercise. Some VR systems capture user movements to inform sensory stimuli displayed to
the user via the head-mounted display (HMD) to create an illusion of being immersed in the VR
environment, therefore resulting in user interaction. In South Africa, some senior doctors allow
residents to assist with the treatment of patients while others only allow residents to observe the medical
procedures without active engagement (information obtained from respondents 9, 10, 11 and 12).
Based on this information provided by the respondents about their training experiences, the researcher
was able to deduce that because the manner of teaching and training varies amongst senior doctors, the
residents would be trained differently. Cecil et al. (2017) stated that residents initially observe the
surgeon performing the surgery and subsequently, after some time, would gradually progress to
assisting in performing surgeries. Similarly, Hu et al., (2019) noted that residents undergo surgical
training and acquire surgical skills by observing the surgeon in the OR prior to assisting in surgery.
Therefore, some residents may have had adequate practical exposure to treating patients while some
residents may not have had such exposure. It is, therefore, important to have common training standards.
In this regard, Sheikh et al. (2016) stated that it is necessary to standardise medical training. The authors
pointed out that by exposing students to the same medical virtual environments will ensure that all
students gain the same knowledge and experience to prepare them for the real-world.
VR is used to mentally prepare students to face critical emergency situations
Respondent 4 stated: “In terms of the trauma cases, where you have patients who have suffered from
severe illnesses or accidents and require extensive support, virtual reality will help to mentally prepare
students for that situation. It will allow them to gain practical knowledge that they would need to deal
with the emergency”. Greci et al. (2013), in their study using a virtual hospital combined with artificial
intelligence (AI), found that students displayed improved medical emergency knowledge because the
AI-VR system allowed them to repeatedly practice medical examination and decision-making in a
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controlled environment. Additionally, students were able to see the outcomes of their decisions in realtime and were able to experience a life-like emergency environment to prepare them for the real-world
(Greci et al., 2013). Similarly, Ingrassia et al. (2014) stated that emergency medical (EM) personnel
train using simulations which allow them to gain exposure to disaster situations and this subsequently
prepares them to deal with both physical and emotional stresses.
As reported above, respondent 6 mentioned that VR allows students to experience the “tense” realworld clinical environment. Hu et al., (2019) pointed to VR enhancing the ability to learn through
experience. Smith et al. (2015) found that VR simulators could be integrated with sophisticated lifelike mannequins. These VR mannequins are used for respiratory, cardiovascular, and pharmacological
modelling of drugs to mimic a real-life stressful situation (Smith et al., 2015). However, Roy et al.
(2006) found that although VR simulations enhanced the learning of medical procedures, it was
expensive to adopt on a wide scale and, therefore, could only be used to train a relatively small number
of students.

VR assists students to learn about anatomy in a realistic setting
Respondent 7 stated: “VR can be used to assist medical students to learn anatomy and physiology”.
Erolin, Lamb, Soames and Wilkinson (2016) pointed to a VR system called Anatomic VisualizeR that
contains several 3D anatomic models and allows students to virtually dissect the models. A similar
virtual anatomy project, 3D Human Atlas, was developed in Japan to assess students understanding of
human anatomy (Mazziotta et al., 2001). Respondent 7 further stated: “Simulations of dissections can
be used by medical students to revise their anatomy…the way in which the organs and muscles work
inside the human body can also be shown through VR simulations”. Hu et al. (2019) used a VR system
combined with an advanced tracking system to display a patient’s anatomy and surgical plans within
an operation theatre in real-time. Results from the study indicated that using VR with tracking systems
shortened operation times and improved efficiency (Hu et al., 2019). Respondent 10 stated that VR
would be useful because students can gain experience with conducting physical examinations of the
patient’s body in the virtual environment. Similarly, Estai and Bunt (2016) indicated that VR systems
that are based on anatomy allow students to gain experience and receive real-time feedback.
Moro, Štromberga, Raikos and Stirling (2017) and Murgitroyd, Madurska, Gonzalez and Watson (2015)
noted that anatomy is generally taught at the beginning of a medical course and that it is taught using
lectures, which include PowerPoint presentations, oral demonstrations of concepts using 2D images,
multimedia resources such as video materials, and dissections using human cadavers. In South Africa,
medical students are given a time limit to practice dissections. Consequently, human cadavers are only
available to students for practice at specific scheduled times (Codd and Choudhury, 2011; Murgitroyd
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et al., 2015). This means that students only have a restricted time frame in which they can learn anatomy
effectively from a human cadaver.
Students are also expected to utilise supplementary study materials, such as lecture slides and textbooks,
to enhance their knowledge of anatomy (Messier, Wilcox, Dawson-Elli, Diaz and Linte, 2016). Thus,
using VR for anatomical dissections at South African educational institutions will enhance learning
about anatomy because students will have access to practical learning in 3D at any time needed.
Similarly, Moro et al. (2017) noted that students may have difficulty learning from 2D anatomical
images found in textbooks because some aspects are easier to comprehend in 3D. Hence, VR immersive
environments can assist students to learn and understand medical concepts better than using a textbook.
VR also assists by reducing the mental effort required when learning new anatomical aspects (Küçük,
Kapakin and Göktaş, 2016).
VR caters for different learning styles
Respondent 7 indicated that VR is useful because it caters for various learning styles and, therefore,
provides customised learning experiences. The respondent further stated: “Virtual reality medical
simulations deliver a tailored learning experience that can be standardised and can cater to different
learning styles in ways that cannot be matched by traditional teaching. These simulations also facilitate
self-directed learning”. Halili (2019) in a similar vein, stated that technology can become a powerful
learning tool if it is customised to suit the various learning needs of students. From a South African
perspective, there is a lack of research on the use of VR to enhance student learning outcomes (Azer
and Azer, 2016). Moro et al. (2017) noted that despite the potential of using VR for medical training,
its successful integration in the South African medical training curricula is affected by a lack of research
on the adoption of VR for medical training purposes. There is, therefore, a lack of adequate evidence to
demonstrate VR’s effectiveness in South African healthcare training.
VR allows students to continuously practice medical aspects at their own pace
According to Respondent 7: “VR allows students to repeat specific medical scenarios that enable them
to address skill deficiencies and to develop the required skills at their own pace”. Ziv, Wolpe, Small
and Glick (2006) would concur. The authors noted that VR simulations allow students to practice
clinical skills at their own pace and also allow them to repeat medical procedures, when needed, to gain
adequate confidence and skills proficiency. Similarly, Piromchai, Avery, Laopaiboon, Kennedy and
O’Leary (2015) stated that VR-enabled medical tasks can be created on-demand to enable skills
proficiency.
VR assists with the development of communication skills
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Respondent 1 noted: “…VR can assist with interpersonal skills such as interacting and communicating
with patients”. A study conducted by Yule et al. (2006) on the acquisition of non-technical skills
required for surgery, found that VR could become a valuable, standardised method of improving
communication among surgical teams as well as improving patient safety. Similarly, Rabkin (2002)
stated that a VR simulator can assist students to develop medical skills, including communication skills,
prior to interacting with a real-life patient. Hu et al. (2019) stressed that communication between doctors
and patients is also vital. However, the authors point out that in most medical situations there is a lack
of communication between patients and doctors because patients (and their families) lack understanding
of medical jargon and hence lack understanding of the medical procedures (Hu et al., 2019). VR can,
therefore, promote communication between those with insight and knowledge (doctors) and those
seeking understanding (patients and their families). Patients and their families will have more understanding of the operation process if medical professionals use VR to simulate the operation during the
pre-operative conversation phase with the patient (Hu et al., 2019).
VR assists with a transfer of knowledge and skills to the real-world
Respondent 9 detailed: “In some areas, such as conformal radiotherapy and stereotactic neurosurgery,
treatment is not possible without pre-operative planning and practice with the aid of a computer and/or
simulation. VR, therefore, has a substantial impact on the success and safety of surgery because it
enables medical professionals to practice the surgery before entering the operating room”. Aziz (2018)
noted that surgeons perform non-invasive remote surgery, surgical pre-operative planning, surgical
preparation and practice, image-guided surgery and surgery simulation using a virtual surgery console.
Referring to pre-operative planning specifically, Yule et al. (2006) stated that it is important in ensuring
that medical professionals are prepared for surgical operations. Hu et al. (2019) noted that pre-operative
planning is a difficult task which requires knowledge and rational thinking to decrease complications
during surgery. It allows for a transfer of knowledge and skills acquired in the virtual surgical
environment to the real-world. Respondent 9 also mentioned that doing pre-preparation for surgery
using VR could allow for a transfer of knowledge from the VR environment to the OR. According to
Sweeney (2012), VR simulation-based training can facilitate a transfer of knowledge and skills to a
real-life setting if it is effectively adopted.
Potkonjak et al. (2016) noted that VR provides real-time feedback on decisions, actions and questions
which assists students to learn and successfully retain the information and skills acquired. This could
subsequently lead to a transfer of knowledge and skills to the real-world (Potkonjak et al., 2016). Bing
et al. (2019) found that residents who were assigned to VR training to perform a radical abdominal
hysterectomy (RAH) (a surgical procedure for the treatment of early-stage cervical cancer) made fewer
errors, performed the procedure faster, and required approximately half the time to reach an
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intermediate skill level of a skilled surgeon when compared to residents assigned to standard training.
The authors also pointed out that the acquisition of knowledge and skills from VR training could result
in a transfer of knowledge and skills to the real-world (Bing et al., 2019).
VR promotes teamwork and collaboration
Respondent 4 noted that VR promotes teamwork and collaboration among students. According to the
respondent, operating rooms (ORs) are one of the intense-pressure environments in a healthcare facility
and a breakdown in communication during surgery can result in adverse outcomes for patients.
Similarly, Moline (1995) noted that VR could be used to enhance the way medical professionals (for
example, surgeons, therapists and residents) plan for medical procedures before a surgical operation.
Similarly, Hu et al. (2019) stated that surgeons, or residents training to be surgeons, can utilise VR preoperative patient simulations to determine the optimal surgical procedural method. The authors believe
that preoperative surgical planning using VR provides more realistic predictions for surgical results (Hu
et al., 2019).
Yule et al. (2006) noted that several ORs utilise a surgical safety checklist of questions for each team
member to answer before a procedure begins so that each member is aware of, and is prepared for, his
or her role during surgery. The goal of the checklist is to avoid errors and to improve patient safety
during the surgery. However, training students on this aspect, called the surgical time-out, can be
difficult. VR could, therefore, be utilised to ensure that students are fully aware of their responsibilities
as a team prior to performing surgical operations (Yule et al., 2006). The researcher deduced that the
checklist is a crucial traditional method of preparing for surgery and that using VR for doing so would
be a more effective method to prepare students for surgical operations. The VR-enabled method would
subsequently lead to students learning about teamwork and collaboration. Similarly, Rabkin (2002)
stated that a VR simulator can assist students to develop medical skills, including teamwork,
collaboration, and communication skills, prior to interacting with a real-life patient.
In the context of this study and in terms of the first research question, the researcher deduced from the
above responses and the literature that VR, if adopted for medical training in the South African context,
could enhance students’ knowledge and skills acquisition. This could subsequently improve healthcare
in South Africa because students would be adequately prepared for real-life medical situations and, as
a result, would be competent medical professionals. In addition, the tasks that medical professionals
perform would be much easier to execute if they are trained continuously in them (Seretse et al., 2018).
Hence, VR, by providing an immersive environment for medical training, would subsequently make
medical professionals’ jobs simpler as it would enable them to repeatedly practice medical procedures.
Additionally, based on the responses, perceived usefulness of VR positively influences the decision to
adopt it for medical training.
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5.3.2

Research question 2: What is the perceived effort required to use VR for medical training?

When respondents were asked if they would find VR systems for medical training easy to use, mixed
responses were received. Respondent 1 stated that VR systems would initially be difficult to use for
medical training because newer technologies take time to become accustomed to. Similarly, respondent
6 stated: “I would find it difficult because I have not used it before”. In contrast, respondent 3 noted
that it would be easy to use and understand because they had used VR previously for entertainment
purposes. Respondent 2 observed: “It will be difficult to use initially because no-one likes to learn a
new technology when he or she is already comfortable with the currently used technology”. With the
exception of four respondents (1, 4, 8 and 11) all the remaining respondents indicated that VR would
be easy to use if training and workshops were provided to both students and lecturers. According to
respondent 10: “For instance, if I was told to use it for my module and the university provides training
to assist me to learn about it, then I would be excited to try something new”. Respondent 11 stated that
VR would be easy to use and understand given that a manual or a guide that explicitly details how to
use the VR system would be provided to both staff and students to enable them to learn about the new
technology.
The researcher deduced that from a South African perspective, the degree of ease related to using and
understanding VR is dependent on factors such as the extent of the adoption by educational institutions
as well as the extent of training provided to users. Training should be guided by expert users and training
manuals provided for basic and advanced use. However, Seretse et al. (2018) noted that although staff
require training programs to acquire skills, they are often not properly guided and provided with
adequate time and realistic deadlines to focus on completing the training successfully. Training should,
therefore, be combined with active mentorship to ensure that the users of a system are able to utilise
and comprehend it after the training session (Seretse et al., 2018).
Seretse et al. (2018) emphasised the importance of South African educational institutions providing
adequate support to simplify the adoption of VR for medical training. He postulated that support is not
only about providing training and manuals to staff members but also about reducing their negative
perceptions of a new technology, especially with older staff members and changing the staff’s attitude
toward using the technology. The researcher deduced that the level of support from the South African
educational institutions would determine whether the users (academic staff, students and medical
professionals) found using and understanding the VR system easy or not. Hence, facilitating conditions
and effort expectancy can positively influence the behavioural intention to adopt and use VR for medical
training.
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5.3.3

Research Question 3: What are the social factors that can influence the adoption of VR for

medical training?
A majority of the participants (2, 3, 6, 8, 9, 10, 11 and 12) stated that the integration of VR in medical
training can be influenced by doctors who are currently exploring opportunities that utilise VR in
various aspects of the medical industry. Laaki, Miche, and Tammi (2019) noted that people are often
empowered and influenced by trends and norms in society. In terms of VR, people (academics, students
and medical professionals) would be empowered and influenced by other people who are using it for
medical tasks and who are conforming to trends that relate to it, such as using VR to perform surgery
remotely (Laaki et al., 2019).
Respondent 9 narrated a story about the current use of VR in the medical industry: “Dr Shafi Ahmed is
trying to curb the global shortage of trained surgeons. Dr Ahmed wants to be able to train thousands
of surgeons simultaneously using virtual reality. The doctor used Google Glass to stream a surgical
training session… I believe that guys like Dr Ahmed are shaping our future of how we go about
providing medical expertise in terms of training and treatment for patients”. The researcher believes
that the respondent was influenced by Dr Ahmed’s work because most of his responses to the questions
asked concerned Dr Ahmed’s work. The researcher was able to further deduce from respondents 8, 9
and 10 that they would most likely adopt VR for medical training if they are aware of other doctors who
are using VR in their work. This conclusion was deduced from the respondents’ comments such as “Dr
Spiegel is a pioneer of VR in the medical industry. He began using wearable technology like biosensors
to assist his patients as well as to improve healthcare for everyone…admire and aspire to be like him”
(respondent 8) and “Doctors like Dr Ahmed are shaping the future of the medical industry and I want
to be a contributing part of that future” (respondent 9). The researcher also deduced that doctors and
medical professionals who are investigating the use of VR in the medical field could influence the
adoption of VR for medical training. Likewise, respondent 12 noted that students would most likely be
influenced to use the VR training system if previous medical students (alumni), who are now qualified
doctors, use or support the use of VR systems for training.
Social influence (SI) may be referred to as the degree to which an individual perceives the importance
of other people’s beliefs regarding the use of a technology (Venkatesh et al., 2003). As pointed to above,
the researcher deduced from the responses that the respondents would be influenced by other medical
professionals who are currently using VR and that the respondents were most likely to adopt VR for
medical training based on the degree of influence from those medical professionals. Doctors who utilise
VR in medicine, not only for training but also for other aspects in the medical field such as remote
surgery, are shaping the future of healthcare (Laaki et al., 2019). Remote surgery is done effectively
even though the surgeon is not in close proximity to the patient. The simulated medical procedure in
the virtual environment is transmitted to a robotic instrument that mimics the surgeon’s actions (Aziz,
79

2018). Surgeons can execute non-invasive remote surgery, surgical pre-operative planning, surgical
preparation and practice, image-guided surgery and surgery simulation using a virtual surgery console
(Aziz, 2018). Sheikh et al. (2016) stated that there are several uses of VR in anatomy and that medical
professionals make variable use of VR based on influential people such as senior doctors and surgeons
who are currently using it for medical purposes.
5.3.4

Research question 4: What are the facilitating conditions for the adoption of VR for medical

training?
Respondents suggested various ways in which VR could be successfully adopted. A majority of the
respondents (excluding respondents 1, 4, 8 and 11) agreed that “...training and workshops on VR use
should be provided to both students and lecturers”. Respondent 11 stated that a manual or a guide that
explicitly details how to use the VR system should be provided to both staff and students to enable them
to learn about the new technology. The respondents also noted that there are financial and infrastructural
impediments that could hinder the adoption of VR for medical training. Some of these suggestions
were noted under the ‘ease of use’ section (research question 2) because although these aspects are
considered to be facilitating conditions, during the interviews the respondents mentioned them to
substantiate their responses to research question 2.
5.3.5

Research question 5: What are the challenges to the adoption of VR for medical training?

Financial implications
Most of the respondents (apart from respondents 4, 7 and 9) commented on the VR adoption challenges
from infrastructural and financial perspectives. Respondents 3, 4 and 12 mentioned that there will be
an increase in costs for the organisation with regard to maintaining VR devices. Respondent 4 stated:
“Maintaining the devices, like our labs are costly, so if you have this new VR device it’s going to add
to costs and then what happens to the maintenance of the devices?” Respondent 3, on the other hand,
voiced concern about the use of VR at local public hospitals: “Financial assistance is important because
this kind of advanced technology will be expensive. Public hospitals are currently undergoing financial
constraints and cannot afford many medical and surgical equipment required for daily running hence
the use of virtual reality will not be prioritised”.
Similarly, Maran and Glavin (2003) noted that due to their complexity, VR systems are very expensive,
specifically because of the purchasing, operational and maintenance costs and, therefore, the systems
are often located in specialist or private medical facilities. Respondent 12 raised concerns that the
University will need to evaluate the costs that will be incurred as a result of introducing VR in medical
training stating: “Aspects such as whether students would need to purchase their own devices or if the
university would provide the devices, should be considered. Furthermore, how would that affect the
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fees payable by students?” Respondent 8, also referring to students, noted: “Most student’s fees are
funded by bursaries and financial aid schemes which may not allocate funding to this resource (VR)”.
Respondent 9 also agreed that funding the adoption of VR would be an issue. The respondent raised an
important reason for the financial issues: “Many of the companies producing VR content like VR systems
and programs are start-ups in South Africa … Money and funding for such projects in terms of
development, research and other marketing costs are not at the forefront”. Similarly, Mbarika (2004)
and Monakise (2019) pointed out that most African countries cannot afford the advanced technological
solutions such as VR and, therefore, its adoption for medical training remains slow in resource-limited
countries.
Respondent 9, providing the example of immunotherapy and VR, explained: “Based on medical
research immunotherapy involving T-cells that express chimeric antigen receptors (these are receptor
proteins that have been engineered to give T cells the ability to target a specific protein) have shown
promising results in the treatment of leukaemia and lymphoma (types of blood cancer). This therapy
along with technologies such as VR depict changes we can anticipate in the practice of medicine in the
near future. However, despite the benefits of immunotherapy and virtual reality, there are significant
challenges for its introduction into the healthcare sector in South Africa including:
(i)

that engineering chimeric antigen receptors are technologically demanding, and their
manufacture is resource-intensive;

(ii)

that the regulatory system is underdeveloped and is likely to be challenged by ethical, legal
and social requirements that accompany these new therapies and technologies (VR, AI);

(iii)

that costs are likely to be unaffordable, at least initially, and before economies of scale take
effect”.

Notwithstanding the challenges, Hamza-Lup, Bogdan, Popovici and Costea (2019) stated that the
benefits of using certain VR systems, for example, the VSOne system, include a reduction in the time
and the cost of training. Additionally, Kim, Chun, Kim and Park (2011) noted that when compared with
traditional symptom-management interventions in cancer treatment, VR-based interventions such as
VR-based cognitive training can allow cancer patients to learn. This is due to VR-based interventions
offering real-time feedback on patient performance which allows the difficulty level of the treatment to
be adjusted to suit the patient’s learning needs.
Resistance to change
Resistance to change was a challenge that respondents 4, 6, 7, 11 and 12 believed needed to be addressed
from an organisational perspective. Respondent 12 stated the following as a challenge to the adoption
of VR for medical training: “Getting older staff to accept using newer technologies… changing to
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newer technologies will be an issue”. Tun et al. (2015) stated that the medical industry has not fully
adopted VR for simulation-based training for various reasons, including cost, the lack of significant
proof of effect and resistance to change. Additionally, Bangert and Doktor (2002) noted that a new IT
system such as VR has implications that affect the organisation in terms of the organisational culture
and its capacity to learn and adapt to the new technology. In developing countries, factors such as
inadequate organisational structures, policies and politics can influence the organisation’s ability to
adopt and implement VR for medical training (Sood et al., 2008).
The researcher noted that the transition from old technologies such as projectors and 2D computer
systems to more advanced systems such as 3D interactive and immersive systems like VR can
sometimes cause resistance to change because lecturers are accustomed to the old technologies.
Lecturers have had adequate exposure to, and experience with, using old technologies when compared
to their exposure and experience with using VR. The researcher deduced from the responses that it is
sometimes difficult for lecturers to transition from physically demonstrating a dissection of a cadaver
to using a simulated ‘patient’ to do so. Firstly, they are accustomed to the hands-on approach of
demonstrating a dissection using a human cadaver and secondly, they may refuse to switch to using a
simulated environment because the VR device and environment would need to be learnt first (lecturers
would need to familiarise themselves with the VR system first before using it to teach and train
students).
Respondents 10, 11 and 12 focused on PowerPoint as a commonly used ICT tool and contrasted it with
VR to depict their inclination to adopt or not adopt VR. These respondents perceived PowerPoint as a
tool that could be used in conjunction with virtual environments. Respondent 11 explained that
PowerPoint could be used to teach the theoretical sections of the coursework and VR could be used to
teach the application sections, such as dissections and surgery. Respondent 8 noted: “VR would be a
suitable replacement for the videos screened prior to dissecting a cadaver. This is because videos do
not allow students to fully conceptualise the subject material”. However, respondent 12 opposed
replacing videos. The video referred to by the respondent is one that details the process of a dissection,
especially explaining the process(es) that would occur once the video was completed. The respondent
explained that they would be uncomfortable teaching an aspect of dissection if a video was not played
at the beginning of the class. This further shows the respondents’ mixed responses pertaining to whether
they would switch completely to VR or have it as an additional tool to support the technology currently
used for training.

Lack of knowledge of using VR
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A few of the respondents (respondents 1, 8, 9 and 10) were well-versed with technological trends and
were keen to try out newer technologies in the medical field such as VR. However, respondents 2, 3, 6
and 12 appeared to have conflicting perceptions of adopting VR (as an advanced technology). This was
deduced from comments such as: “I have heard of VR being used for gaming, but I was unaware of its
medical uses and the research behind it”; “I understand why we would use VR but most patients cannot
use simple technologies so then how would they use VR for therapy and rehabilitation?”; and
“Knowledge of how to use the technology would be an issue because not everyone would be able to
fully utilise the technology and understand how it works”. The researcher believes that these
respondents are reluctant to adopt VR for medical training partially because they lack adequate
knowledge of it. As Govender and Mars (2018) point out, teachers should have adequate experience in
and knowledge of VR to support the education and training of students.
A majority of respondents (except for respondents 1, 8, 9 and 10) when asked about their experience of
using VR, declared that they had never experienced VR immersion. Hence, for them, it would be
difficult to comprehend such an experience. Pelargos et al. (2017) made the point that VR systems
require adequate knowledge and technical skills to effectively use them for medical training.
Respondent 3 generalised that students may also not be familiar with advanced technologies such as
VR because some of them come to university from rural areas with limited exposure to technology. In
this regard, Dhai (2018) noted that the student’s lack of knowledge can be related to a lack of
infrastructure at South African educational institutions. The lack of infrastructure, including skilled
educators, subsequently causes a lack of exposure to new technologies and a lack of knowledge thereof
(Dhai, 2018). Similarly, Buliva (2018) noted that educators who are required to teach courses remotely
are not sufficiently trained to teach in virtual and technological environments, and some educators often
lack adequate knowledge and experience to do so.
Regarding the use of VR for rehabilitation and therapy, Fishkin, Fishkin, Leli, Katz and Snyder (2011)
observed that a lack of technological proficiency can become a problem when a patient is more
technologically skilled than the therapist. The lack of technological knowledge on the part of the
therapist may affect the treatment of the patient. For instance, a patient may be compelled to assist a
therapist through a technical malfunction during the treatment. The patient may thus spend more time
addressing technical problems of the VR system and less time on being treated. It is, therefore, very
important that medical professionals have a thorough understanding of the virtual system being used to
ensure that patients receive adequate treatment to recover from an illness (Fishkin et al., 2011). Shuvo
et al. (2015) noted that acquiring adequately trained personnel who have the capability to successfully
administer medical treatments and address technical system difficulties is crucial but challenging.
Govender and Mars (2018) stated that in South Africa there is a lack of personnel with sufficient
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technological knowledge to facilitate the training of healthcare professionals. This would be an
impediment for the successful adoption of VR.
According to Ohei, Brink, and Abiodun (2019), developed countries have invested heavily in ICT
integration in medical education and made it possible for medical students to have access to the latest
updates in the medical field. On the other hand, developing countries are lagging because of several
economic, social, and infrastructural limitations (Ohei et al., 2019). Additionally, IT knowledge and
computer skills among medical undergraduates and medical professionals are higher in developed
countries compared to developing countries (Ohei et al., 2019). This is mainly due to infrastructural
limitations in developing countries such as the limited availability of computers and Internet
connections (Ohei et al., 2019). In Sri Lanka, for example, IT-based components are not included in the
medical curricula of most medical schools, and experiences with IT-based activities in these medical
schools are limited (Ghosh, 2017). It is a similar situation for most developing countries like South
Africa. Furthermore, IT-related publications from those countries are limited (Ghosh, 2017).
Inability to differentiate simulated environments from the real-world
Respondent 3 expressed concern that students may treat real-life patients like virtual patients because
the VR training system will coach students to react and behave in a specific way to attain a specific
outcome. Subsequently, once their behaviour becomes routine it may lead to students developing a
“cold” and routine attitude towards real patients. The respondent believed that students who attended
university from rural (non-privileged) schools that had limited or no access to technology, were most
likely to perceive the VR training as a standard manner of treating patients and, therefore, were more
likely to treat real-life patients as they would patients in a virtual environment. Respondent 8 opined:
“The successful implementation of the VR technology will depend on the attitude of students and staff”.
Griffiths (2000) raised the issue of addiction to VR, stating that it is a disadvantage that becomes a
problem when students can no longer differentiate between reality and VR. Similarly, Dhai (2018)
observed that users can often confuse the real-world with the virtual environment and that the confusion
is irrespective of the previous technological exposure that the user experienced.
Lack of haptic feedback
Respondent 8 raised the issue of haptic feedback: “…various simulators have been tested and have
shown clear benefits for medical training. However, while graphical realism is high, realistic haptic
feedback and interactive tissues are limited for many simulators”. Smith et al. (2015) stated that training
devices such as VR devices that have haptic feedback mechanisms tend to improve skills acquired in
the virtual environment and may, therefore, lead to a transfer of training to the real-world. Torkington,
Smith, Reest and Darzi (2000) noted that the MIST-VR simulator has no haptic interface, meaning that
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there is no feedback from the instruments and/or objects when it makes contact which simply translates
to its inefficiency to maintain an immersive ‘feel’ in the VR environment. Similarly, McGrath et al.
(2018) stated that haptic feedback allows residents to ‘feel’ a physical object and to manipulate it in a
realistic manner and that without such feedback residents would not be aware of the amount of force
they are applying to a scalpel or the tissue resistance they would normally encounter during a surgical
procedure. Providing haptic feedback is thus a major factor influencing the adoption of VR for medical
training.
5.3.6

Research question 6: How can VR be adopted for medical training purposes?

Solutions to overcome the challenges
Performing a cost-benefit analysis before the adoption of VR
Respondents 4, 9, 11 and 12 recommended that South African educational institutions should consider
performing a cost-benefit analysis to assess the financial feasibility of adopting VR for medical training.
Comments such as “We need to first look at whether it can be used to teach medicine and how effective
would it be?" and “Does the benefit derived from adopting VR for medical training outweigh the cost
of it?”, indicated that respondents believed that VR should only be adopted for medical training if the
benefits of using it outweigh the cost of its purchase and maintenance. Similarly, Beck et al. (2007)
noted that the benefits derived from using VR systems must outweigh the cost of their purchase or
development to ensure that effective outcomes are attained when using them for training, treatment and
therapy. Respondent 12 suggested that randomised studies on the adoption of VR for medical training
should be provided to show evidence of VR’s benefits and thus enable its wide-scale adoption by
healthcare professionals. Similarly, De Rosis and Nuti (2018) stated that focus should be on actionable
research, management aspects, and scalability of VR when gathering evidence and assessing its
adoption.
According to Harrison (2018), there must be positive outcomes for all stakeholders for change to be
accepted. Patients need to see improvements in the way they access healthcare and medical
professionals’ workloads need to be reduced where necessary (Harrison, 2018). This statement reiterates that the benefits of using VR should be evident to all users for it to be accepted (Harrison, 2018).
The researcher thus believes that there must be an effective transition from old methods of training (for
example, human cadavers and training boxes) to newer methods of training using VR. A clear depiction
of the positive outcomes of using VR for medical training is needed for it to be successfully adopted by
South African educational institutions.
Forming partnerships with VR companies and seeking sponsorships or donations from alumni
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Respondent 3 suggested that the University should liaise with VR companies to enable them to “get a
contract to acquire cost-effective devices”. Elliman et al. (2016) noted that the Google Cardboard VR
device is cost-effective and has limited hardware restrictions, therefore making it easier for students
and other users to access healthcare training. The Google Cardboard Kit (T) is another cost-effective
solution to mitigate the cost of purchasing VR hardware (Buliva, 2018). These cost-effective devices
and systems make the adoption of VR for medical training a possibility (Elliman et al., 2016). Similarly,
Buliva (2018) noted that these cost-effective devices can subsequently result in the adoption of VR for
education provided that other factors such as infrastructure and the training of educators are addressed
as well.
Most of the respondents, apart from respondents 4 and 7, were of the opinion that in order to deal with
the financial constraints of adopting VR for medical training, the University could seek funding from
sponsorships or donations from former students (alumni) who are now qualified medical professionals.
In addition, respondent 6 stated: “VR can decrease the operational cost of a physical training facility
and it can allow students and medical personnel to train remotely without the additional costs”. The
respondent mentioned that VR enables remote training to occur which would result in the University
saving costs. Buliva (2018) noted that countries in sub-Saharan Africa can form partnerships with
established VR providers in developed countries to learn from them and facilitate the transfer of
technology.
Increasing national budget allocated to healthcare
Respondent 9 suggested that governments from developing countries should increase their budgets
allocated to clinical simulation centres. Respondents 7, 8, 9 and 10 voiced that the South African
government should actively participate in the wide-scale adoption of advanced technologies, such as
VR for medical training, by South African educational institutions. Respondents 8 and 9 believed that
the government would be able to allocate funds for new educational developments. Respondent 9
expressed further: “If the government allocates more funds to advanced technologies for training
medical professionals, this could subsequently result in a decrease in poorly skilled medical
professionals. Additionally, national investment should be made into finding novel and innovative ways
to introduce therapies such as immunotherapy and technologies such as VR into South Africa sooner
rather than later to ensure that South African patients are not excluded from these exciting global
initiatives”.
Ohei et al. (2019) supported the idea of the government getting involved in making healthcare available
and accessible to everyone. Similarly, De Rosis and Nuti (2018) stated that financing of initiatives
affecting healthcare, for example, VR, should come from the national government. Buliva (2018)
suggested that if VR were to be successfully combined into the curricula of educational institutions in
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sub-Saharan Africa, national policies would need to be adjusted to accommodate students using the
technology. De Rosis and Nuti (2018) added that to promote sustainable long-term investment in VR,
the government needed to integrate policies and scale up current infrastructure by including
technological innovation in the healthcare strategy and in its healthcare financing models.
Respondent 8 mentioned: “Local students that are being trained abroad require a lot of money which
the government could put to better use”. Dhai (2018) noted that while the South African government
spends millions sending students to train abroad, it lacks the funds required to purchase medical
equipment such as wheelchairs (Dhai, 2018). Dhai (2018) further noted the crucial need for government
to support the adoption of VR for medical training in South Africa. The author argued that once the
country had the necessary resources to train local students, there would be no need for these students to
travel abroad to study. This would prevent money from flowing out of the country and may provide an
opportunity for international students to come to South Africa to study. Both would have a positive
impact on the South African economy (Dhai, 2018).
Implementing a gradual adoption process
As a solution to the issue of unwillingness to change, respondents 4, 6, 7 and 8 recommended that the
VR system needed to be gradually introduced to users (staff and students). According to Ohei et al.
(2019), people become resistant to change because of a lack of support to facilitate the change.
Respondent 3 mentioned that students need to be properly educated on the use of VR because “they
must be aware of the difference between using the VR technology and treating a real person”. Users
(staff and students) of VR systems can only be properly educated on them if the process of adoption is
not rushed. The researcher, therefore, believes that to prevent resistance to change, the University needs
to implement proper procedures and support facilities for the adoption of VR for medical training. A
gradual adoption process needs to be pursued to allow staff and students to get used to the new
technology (VR). Similarly, Zhao, Pugh, Sheldon and Byers (2002) noted that instead of implementing
a new technology using a radical approach, that is, on a large scale, the adoption of a new technology
should be done using an evolutionary approach, that is, in small increments. Thus, by adopting small
progressive steps that are manageable, users (medical professionals, staff and residents) are more likely
to experience less frustration and more success with using the virtual environment (Zhao et al., 2002).
Introducing an effective change management process
Ohei et al. (2019) noted that several South African institutions invest in IT skills development when it
is too late. Ohei et al. (2019) further noted that negative environments are created at the workplace
when training is rushed or when staff feel pressurised to learn about a new technology. As a suggestion
for preventing negative environments from occurring, respondents 5, 7 and 9 stated that change
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management and education should be at the forefront of the adoption of VR for medical training.
Respondent 9 stated: “Universities should empower the staff to the extent that they are excited about
gaining new skills”. As part of the change management approach, Ohei et al. (2019) suggested that
universities can implement skills training using unconventional methods such as dividing staff members
into teams and allocating VR tasks to them to complete. Ohei et al. (2019) further suggested that
universities can use a rewards approach (such as a points-based system: points 1-4 ranging from bad to
good or a status system: winners, runners-up, and losers) instead of enforcing deadlines. This is one
way to train staff members without making them feel pressurised to learn about VR. The idea is to make
staff members goal-driven and to motivate them to learn more about VR (Ohei et al., 2019).
Solutions to overcome a lack of haptic feedback
Respondent 10 stated that the VR system would be easy to use “… if the design is user friendly and it
provides feedback to assist users, hence making the VR simulation real-like”. Respondent 9 noted:
“Haptic feedback is especially important with the rehabilitation of patients suffering from mobilityrelated illnesses that require stimulation of the senses. For instance, the position of an amputated arm
is tracked by 3D sensors in the VR environment or movement of fingers are tracked by the VR motionsensing gloves. A lack of haptic feedback would prevent patients from feeling the rehabilitation”. The
respondent spoke about creating a life-like VR environment that provides feedback to patients.
To overcome a lack of haptic feedback, VR environments should be designed to closely resemble the
real-world environment (McGrath et al., 2018). Ali, DeMaria, Kaplan and Mowery (2002) found that
VR simulations that are developed with life-like interfaces are easy to use and understand. Ahlberg et
al. (2002) found that there was no transfer of training and skill acquisition from the VR environment to
the real-world because the interface of the VR environment was difficult to understand and caused
usability constraints. The researcher deduced that the VR system interface and overall design should be
simple to understand for a novice user. Ananda and Suman (2016) noted that Google Cardboard is a
VR device that is designed in a way that makes it easier for all users (novices and experts) to utilise it
because it uses a smartphone device and hence decreases the complexity of having a separate computing
device that it runs off (Ananda and Suman, 2016).
Solutions to overcome the lack of knowledge about using VR
Respondent 12 suggested that training should be provided in at least three different languages (English,
IsiZulu and Afrikaans) to ensure the successful adoption of VR for medical training. The respondent
further suggested: “There are a few unused venues available at the Medical School Campus which
could be used to create different VR rooms, each used for different aspects of VR training”. There is a
need to assist local educators and medical trainers with the ability to fully use the VR systems (Buliva,
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2018). Ohei et al. (2019) argued that a lack of knowledge of VR systems at institutions can be addressed
by implementing developmental training programs that combine formal education and unstructured
learning. To address the lack of knowledge at educational institutions requires strategic planning and a
comprehensive organisational strategy that prioritises skills development. Formalising training sessions
will ensure that existing skills are assessed, and new skills are gained to prevent obstacles in the learning
process (Ohei et al., 2019).
In the context of this study, UTAUT’s facilitating conditions (FC) could refer to the factors and
resources at UKZN that the respondents believe should be present to support the adoption of VR. In
this regard, the respondents highlighted various challenges that should be addressed for the successful
adoption of VR for medical training. The proposed solutions could be seen as the pre-conditions for the
adoption of VR for medical training. However, the mentioned challenges are not exhaustive and hence
further research should be conducted on the potential challenges to the adoption of VR for medical
training as well as the solutions to overcome them. For example, VR uses Internet connectivity and,
therefore, educational institutions should be able to have access to the devices required for the adoption
of VR as well as access to a high-speed network (broadband) infrastructure (Ma, Jain and Anderson,
2014). Although South Africa has recently implemented fibre optic cables for Internet connectivity, it
has not been done on a wide scale with the result that some places in South Africa still experience slow
Internet speed. Slow Internet speed along with high data costs can be challenges that affect the adoption
of VR for immersive medical training at South African educational institutions, and specifically in
situations where students require real-time feedback and where analytics on training statistics and
course completion tracking are done as students train (Guo et al. 2020). According to Dhai (2018),
crucial aspects such as proper maintenance of public hospitals, availability of hospital equipment such
as life-support machines and other crucial machinery, and spaces available at medical universities for
the enrolment of students, will need to be assessed to reach a decision about adopting VR for medical
training in South Africa.
5.4. Conclusion of Chapter five
This chapter discussed the interviewees’ responses in relation to the research questions, the reviewed
literature and the theoretical framework. Most of the respondents perceived VR to be useful for medical
training. In addition, most respondents perceived that using VR will be easy, provided that there are
adequate interventions in the form of formal and informal training. Moreover, the academic staff
members insinuated that they are, or could be influenced by their peers to adopt VR for medical training.
The chapter further discussed the challenges and the proposed solutions to the adoption of VR for
medical training.
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The following chapter is the final one of the dissertation. It provides a summary, conclusions,
recommendations, and suggestions for further research.
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CHAPTER SIX: SUMMARY, CONCLUSIONS AND
RECOMMENDATIONS
6.1. Introduction
This chapter summarises the study, provides conclusions and recommendations stemming from the
findings and discussion, and suggestions for further research.

6.2. Summary of the study
VR is a new concept in South Africa and, therefore, limited literature exists from a South African
educational perspective. This study aimed at identifying the determinants of the adoption of VR for
medical training, the challenges to doing so, and the proposed solutions to overcome these challenges.
Various studies have highlighted the possibilities and benefits associated with using VR for medical
training as indicated in the literature review (Chapter two). However, the literature review revealed that
research on the adoption of VR for medical training in South Africa is scarce. Mbarika (2004) and
Monakise (2019) stated that most African countries, which can be referred to as resource-limited
countries, cannot afford advanced technological solutions such as VR and, therefore, its adoption for
medical training remains slow. This study investigated the determinants of, and the challenges to, the
adoption of VR for medical training in the South African educational context. Using the Unified Theory
of Acceptance and Use of Technology (UTAUT) as a framework, the study investigated the perceived
usefulness of VR to train medical students, the ease of use of the technology, social influence towards
the adoption of the technology for medical training, and the facilitating conditions for its adoption.
Interviews were held with 12 academic staff members from the School of Laboratory Medicine and
Medical Sciences at the Westville Campus of the UKZN. The interviewees were chosen using a
purposive sampling strategy and all were or had been practising doctors who also taught at the
University.
Findings depicted in Chapter 5 revealed that from the interviewees’ (respondents) point of view, the
use of VR simulations for training medical students is useful because it provides a safe training
environment to practice dangerous or risky medical procedures. In addition, VR simulations expose
students and other users to emergency situations. The simulations are beneficial from an ethical
perspective and they enable students to make errors and learn from them, thus promoting skills
development. VR simulations also accommodate students with different learning needs, assist students
to learn about anatomy in a realistic setting and enable a transfer of knowledge and skills to the realworld. The interviewees mentioned that due to the evolving nature of technology, there is a need for
adequate training to ensure that VR is perceived to be easy to use. Interviewees also mentioned that
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medical professionals, who are already using or investigating the use of VR, could motivate their peers
to incorporate the technology in their teaching portfolio. They further mentioned that there is a need to
implement an effective change management process to gradually phase in VR for medical training. In
terms of the challenges, the interviewees expressed their concerns about the infrastructural and financial
capabilities of the institution and the South African higher education sector to adopt VR. However,
these are not an exhaustive list of challenges and, therefore, further research should be conducted to
identify additional challenges and factors that hinder the adoption of VR for medical training. Further
studies should also focus on practical solutions to overcome the identified challenges.
6.3. Conclusion
The researcher believes that the adoption of VR for medical training will be assessed based on its
feasibility (cost-benefit analysis) and the infrastructure needed to do so. Pepper, Alessandrini, Pope,
Van Staden and Green (2019) noted that antiretroviral therapy (ART) for HIV in South Africa can be
used as an illustration. It makes sense from both a clinical and an economic perspective to provide ART
because everyone suffering from HIV stands to benefit. Hence, gene therapy (similar to immunotherapy
mentioned by respondent 9) for HIV subsequently resulting in a cure would be plausible if the once-off
cost of the HIV gene therapy were less than the lifetime cost of current HIV treatment. Pepper et al.
(2019) noted that the current cost of HIV gene therapy in South Africa would significantly outweigh
the cost of lifetime ART for HIV (bearing in mind that the cost of anticipated medical complications
and the costs to society are more difficult to define). Using the above analogy, the researcher believes
that the adoption of VR for medical training is not currently advisable from a health economics
perspective because the infrastructure, equipment and manufacturing costs are likely to be unaffordable.
However, respondent 9 mentioned that cost reductions are likely to occur in the future as advanced
technologies such as VR are refined and adapted to local settings and that economies of scale are likely
to result in significant cost reductions.
According to the World Bank, South Africa has the highest Gini coefficient globally, which reflects
large inequalities in individual or household incomes. This inequality is clearly visible in the healthcare
sector, where more than 50 percent of total annual health expenditure in the country is in the private
health sector (serving less than 20 percent of the population), while less than 50 percent is in the public
health sector (serving more than 80 percent of the population) (Lee, Noh and Khim, 2020). Mehl et al.
(2018) stated that several advanced technologies are available in the private sector but not in the public
sector because of challenges such as financial constraints. It is, therefore, possible that innovative
technologies such as VR may enter the South African market initially through the private sector.
Although, public sector patients may not initially benefit from VR, by being able to demonstrate its
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efficacy, the South African government may be persuaded to provide the necessary funding for it to be
used for the rehabilitation of patients from public hospitals.
This state of affairs raises the question whether South Africa should refrain from participation and
simply be a bystander in the development of rapidly evolving and highly efficacious, albeit costly,
technologies (Mehl et al., 2018). However, Leong (2019, p. 4) noted that the “evidence of the relative
efficacy and effectiveness of technology (including medical devices and advanced technological
medical systems) would be assessed against the current standard of care”. A related aspect in the NHI
Bill states that “The Benefits Advisory Committee must determine and review detailed and costeffective treatment guidelines that take into account the emergence of new technologies” (Leong, 2019,
p. 8). This simply means that there is a possibility for technologies such as VR to be adopted in the
healthcare industry provided that they are cost-effective when compared to currently used treatment
methods. Hence, it is possible for VR to be adopted for medical training in South Africa. However, the
researcher believes that VR could also be adopted under the government’s 10-point plan which includes
the integration of new technologies into the South African healthcare industry. Non-adoption of VR
would be due to the cost of implementation and the priorities of the DoH.
6.4. Recommendations
Hennink et al. (2020) noted that the recommendations need to be well supported by the findings of the
study. Generally, the challenges identified by the study serve as a foundation for further research and
hence need to be listed in the recommendations section (Hennink et al., 2020). Furthermore, the listed
recommendations should be reasonable and contextually relevant (Hennink et al., 2020). Similarly,
Bush and Amechi (2020) noted that the recommendations section should focus on describing the
implementation of an innovation to provide practical suggestions to not only address the impediments
found in the study but should also guide further research to strive to attain optimum service delivery in
any given context.
Based on this study, respondents suggested a gradual approach to VR adoption, combined with
fundraising, requests for financial assistance, and forming partnerships with UKZN’s alumni. However,
the researcher believes that although financial assistance from government, alumni, and relevant
partners is crucial, a business case for the adoption of VR should first be drawn up. The business case
should specify, among other vital aspects, the functionality of VR required for medical training
(immersive e.g. Patient Simulators or non-immersive e.g. Second Life), budgeted costs and target
markets. This will enable stakeholders to make informative decisions about estimated costs associated
with purchasing and maintaining a VR system for medical training. Similarly, De Rosis and Nuti (2018)
stated that focus should be on actionable research, management aspects, and scalability of VR when
gathering evidence and assessing its adoption.
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Furthermore, some respondents indicated that a lack of knowledge of VR would become an issue
because “not everyone would be able to understand how to fully utilise the technology” (participants 2,
3, 6 and 12). Similarly, Govender and Mars (2018) point out, teachers should have adequate experience
in and knowledge of VR to support the education and training of students. To surmount the challenge
of a lack of knowledge, respondent 12 suggested that training should be provided in at least three
different languages (English, IsiZulu and Afrikaans) to ensure the successful adoption of VR for
medical training. Similarly, the researcher believes that tailoring VR training and instruction manuals
to be in South African languages will assist with exploring the full potential of VR because it will
become easier to understand how to use the technology, provided its instruction manual is in vernacular.
Buliva (2018) noted that there is a need to assist local educators and medical trainers with the ability to
fully use the VR systems. Similarly, Ohei et al. (2019) argued that a lack of knowledge of VR systems
at institutions can be addressed by implementing developmental training programs that combine formal
education and unstructured learning.
Resistance to change was another identified challenge from a South African educational context. Tun
et al. (2015) stated that the medical industry has not fully adopted VR for simulation-based training for
various reasons, including cost, the lack of significant proof of effect and resistance to change. The
respondents indicated that the South African educational institutions should adopt a hybrid approach,
combining the use of existing technologies such as PowerPoint and multimedia in conjunction with new
ones such as VR. Although the researcher agrees with the suggestions of the participants to surmount
the challenge of resistance to change, the researcher also believes that because of the major differences
between using VR and using traditional teaching methods (PowerPoint and multimedia), educators will
encounter a learning curve when trying to use the technology and hence focus should be given to
training and teaching educators on how to use VR to try to reduce their resistance in terms of adopting
VR for medical training.
Similarly, Datta-Paulin and Salt (2019) found that the participants from their study were reluctant to try
new techniques of training such as VR because they preferred the old training techniques. Mazurek et
al. (2019) also found that older users (senior medical professionals) were more likely to be reluctant to
use VR for medical purposes because they were accustomed to traditional training methods. Both DattaPaulin and Salt (2019) and Mazurek et al. (2019) emphasised the need to teach users (educators, medical
professionals, students) how to use a new technology to enable a smooth transition from using
traditional technologies to using advanced ones such as VR.
In addition, UKZN (and any other institution that wishes to adopt VR for medical training) should
engage its academic staff on the need to move to VR systems and to create a pathway for their adoption.
Regarding the reasoning to migrate to using VR systems, the researcher believes that educational
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institutions should explain to users (medical professionals and academic staff) about how VR can be
used not only as a teaching and learning tool but also about how it could be used to enhance healthcare
for South Africans. Additionally, the costs and benefit(s) obtained from using VR should be explicitly
depicted to ensure that users (medical professionals and academic staff) are fully aware of the pros and
cons of adoption. This will spark debate among users (medical professionals and academic staff) and
will prompt users to provide alternative suggestions to assist with the adoption of VR for medical
training. Harrison (2018) noted that there must be positive outcomes for all stakeholders for change to
be accepted.
6.5. Limitations of the study and suggestions for further research
The researcher acknowledges that not all the determinants and challenges to the adoption of VR in
medical training were investigated because of time constraints. Thus, the researcher suggests a further
in-depth investigation of additional factors that may influence the adoption of VR in the South African
higher education sector. Further studies should adopt a more robust theoretical and methodological
approach and should endeavour to capture stakeholders’ perceptions on a large scale, that is, from more
than one educational institution. According to Lopreiato and Sawyer (2015), the adoption of VR for
medical training is influenced by changes in the standards of medical training, which focus on
incorporating sophisticated technologies within traditional training methods. Further studies should be
conducted to assess the possibility of adopting VR in the South African education sector in terms of the
prevailing infrastructure, the financial implications for the educational institutions, as well as the
educational policies put in place by the government that dictate the rules for technology adoption in the
sector. Finally, further studies should investigate the integration of technologies such as IoMT, AI and
VR to enhance eHealth.
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APPENDICES
Appendix A: Alignment of the theoretical framework with the research objectives and questions; and
interview questions
UTAUT
CONSTRUCTS
1.

Performance
Expectancy

STUDY OBJECTIVES
1.

To identify the
determinants of the
adoption of Virtual
Reality for medical
training.

RESEARCH
QUESTIONS
1.

What is the perceived
usefulness of using
Virtual Reality in
medical training?

INTERVIEW QUESTIONS
1.

a.

b.

c.

2.

Effort
Expectancy

2.

To identify the
determinants of the
adoption of Virtual
Reality for medical
training.

2.

What is the perceived
effort required to use
Virtual Reality for
medical training?

2.

a.

b.

3.

Social Influence

3.

To identify the
determinants of the
adoption of Virtual
Reality for medical
training

3.

What are the social
factors that can
influence the adoption
of Virtual Reality for
medical training?

3.

a.

b.

4.

Facilitating
Conditions

4.

a.

To identify challenges
to the adoption of
Virtual Reality for
medical training.

4.

To propose potential
ways to manage the
identified challenges.

a.

b.

What are the facilitating
conditions for the
adoption of Virtual
Reality for medical
training?
What are the challenges
for the adoption of
Virtual Reality for
medical training?
What could be done to
overcome challenges
associated with the
adoption of Virtual
Reality for medical
training purposes?
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4.

a.

b.

How useful would Virtual Reality be
in the context of training medical
students?
What
is
the
Information,
Communication Technologies (ICTs)
- related technologies currently used
to train medical students?
Could you please describe instances
whereby Virtual Reality would be a
better option for medical training
when compared to the existing ICTrelated training technologies? If yes or
no, Why? Please elaborate.
Could you please give some examples
of how Virtual Reality could be used
to train medical students?
What are your perceptions of
ease/difficulty about using Virtual
Reality for training medical students?
Do you think it will easy or difficult
for students and staff (lecturers) to use
Virtual Reality for medical training?
Why do you think that way?
In your opinion, what could be done to
ensure
that
Virtual
Reality
technologies are easy to use from the
lecturers and students’ perspectives?
Do you perceive any social influence
that could be exerted and that could
facilitate or hinder the use of Virtual
Reality for training medical students?
Do you perceive any influential
people in the society and in the lives
of students that could promote the use
of Virtual Reality for medical
training? Please elaborate.
How could these people influence the
use of Virtual Reality for training
medical students?
What are the possible factors that
could facilitate the adoption of Virtual
Reality for training medical students?
What, do you perceive, could be the
anticipated types (or categories) of
challenges to the adoption of Virtual
Reality for training medical students?
Please elaborate on each challenge
category.
What would you recommend as
solutions to surmount the challenges?

Appendix B: Ethical Clearance letter

132

Appendix C: Letter of professional editing

133

Appendix D: Interview Transcripts
I1
Researcher: How useful would Virtual Reality be to train medical students?
Respondent: I think from what you have explained, if it is a simulation of the course work or the dissection of
animals or plants, then I think it could be useful to help students to participate in the activity. And it would assist
me in terms of not having to find an abattoir that sells or gives me the animal to be used for practicals. I think in
terms of good practice and ethics it would be useful because I would not need to wait for a cadaver to perform
medical tests.
Researcher: What are the types of training that medical students undergo?
Respondent: Patient relationship training, basically how to handle trauma cases and how to respond to emergency
cases. Training in terms of admitting a patient for a certain condition, prescribing medicines, monitoring the
patient’s vitals and symptoms, and dealing with post-surgery and post-diagnosis. Dealing with the patient’s
family.
Researcher: How useful, do you think, Virtual Reality could be for the different types of training? Respondent:
I think it will be useful for practicing diagnosis and treatment of patients with common diseases. Like, students
can prepare for how it would be in a hospital.
Researcher: Practice for the real world?
Respondent: Exactly… Because it is not easy to be an intern at a hospital. And most of the time, you have to write
down notes and have discussions with the head doctor but there aren’t situations for you to actually practice
treating a real, live, patient.
Researcher: Okay, so you mentioned the different types of training, what benefits do you anticipate from using
Virtual Reality for those training… the types of training?
Respondent: In terms of the trauma cases, where you have patients who have suffered from severe illnesses or
accidents and require extensive support, I think virtual reality will help to mentally prepare students for that
situation. It will provide them with the practical knowledge they need to deal with the situation. Also, I would
have liked to have had a dummy environment to continuously practice surgery until I was good at it. I have my
own practice and I through many years of studying and interning at hospitals I learnt what it was like to have
hands-on experience, and to tell you the truth at times I feel like if I was taught these things earlier than it would
have saved me so much of time… because I honestly feel like I have studied for so long and then by the time I
enter the market to help people, I am old and want to soon retire. So, if I had exposure to technology such as what
you are saying, then perhaps things would be ….. But yeah, so its helps them with gaining experience and
knowledge from practicing the work and not just reading about it.
Researcher: What is the Information, Communication Technologies (ICTs) - related technologies currently used
to train medical students?
Respondent: ICT utilisation in therapeutic instruction is distinctive among industrialized nations. While
developing nations have put intensely in ICT mix in therapeutic training and made it feasible for medicinal
understudies to approach the most recent updates in the restorative fields, creating nations that are lagging behind
because of number of monetary, social, and infrastructural restrictions. IT information and PC abilities among
medical students and doctors are higher in developed nations compared to developed nations, primarily because
of financial restrictions, for example, the accessibility of PCs and Internet associations. The university provides
us access to laptops and we have labs that have pcs like dell. This allows us to do research from the digital libraries.
Also, students can use e-learning sites such as Moodle which you know allows us to share information. Then there
is emails and other software such as Dropbox which I sometimes use if I am away and students need to submit
group projects.
Researcher: Do you think if you compare the ICTs you mentioned to using VR, would it be a better option for
medical training?
Respondent: The virtual reality? Would that be better than emails…
Researcher: Yes, the ICTS…
Respondent: Yes of course it would be better, as I told you I think it will help students to gain experience and
knowledge and I feel like the ICTs we are using are very basic compared to something like V... uhm, VR…
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Researcher: Could you please give some examples of how Virtual Reality could be used to train medical
students?
Respondent: I could use it to teach dissection or anatomy.
Researcher: Okay… Do you think it will be ease/difficulty to use Virtual Reality for training medical students?
Respondent: For whom? Staff or students?
Researcher: Staff?... maybe Both?
Respondent: I would find it difficult because I have not used it before so if I am told to use it without any training
then I’ll find it difficult. Like if they tell me that I need to use it and then they provide training, then I would be
excited to try something new. For students I think they would be okay I mean no one teaches them to use Facebook
and twitter so I guess they will be able to use it. But of course, training is necessary.
Researcher: What are the possible factors that could facilitate the adoption of Virtual Reality for training medical
students?
Respondent: The university buys the equipment required with no extra costs to students, because I do not think it
will be feasible for students to buy the vr equipment because then it will become about whether it is mandatory or
optional… is it necessary to pass a module?
Also, maintaining the devices, like our labs are costly, so if you have this new device it’s going to add to costs
and then what happens to maintenance?
Researcher: Do you perceive any social influence that could be exerted and that could facilitate or hinder the use
of Virtual Reality for training medical students?
Respondent: Probably, like if it becomes the next Facebook then students will be keen to use it to study, and also
if it is cost-effective.
Researcher: Do you perceive any influential people in the society and in the lives of students that could promote
the use of Virtual Reality for medical training?
Respondent: Not too sure about this one, but I guess if the peers are using vr for training then students are most
likely to want to use it too. Like I would use something if my friends are using it.
Researcher: What, do you perceive, could be the anticipated types (or categories) of challenges to the adoption
of Virtual Reality for training medical students? Please elaborate on each challenge category.
Respondent: The cost of it. The devices, like if it is possible to get it at cost-effective rates. And also getting older
staff to accept using newer technologies. So, like changing to newer technologies.
Researcher: What would you recommend as solutions to surmount the challenges?
Respondent: Getting a contract to acquire cost-effective devices. Also, gradually introducing us to it. I would not
want to just be told to use the technology. We need to first look at whether it can be used to teach medicine and
how effective would it be, before you know…
Researcher: Okay… Thank you so much for your time.
Respondent: No, no it’s okay. No problem.

I2
Researcher: How useful would Virtual Reality be to train medical students?
Respondent: Very useful if you think about putting them in an environment which replicates the real-life situation
which will give them the skills and experience to actually perform the medical skill in reality.
Researcher: What are the types of training that medical students undergo?
Respondent: Concepts of family medicine, common problems, importance of psychosocial aspects in health and
disease, doctor patient relationship, art of family medicine, history taking and examination, record keeping,
practice organization and management were the key areas they taught students. They were of the view that three
visits, which took place once a week were not sufficient to teach procedural skills, progression of illness and
continuity of care adequately.
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Researcher: How useful, do you think, Virtual Reality could be for the different types of training?
Respondent: Virtual reality (VR) medical simulations deliver a tailored learning experience that can be
standardized and can cater to different learning styles in ways that cannot be matched by traditional teaching.
These simulations also facilitate self-directed learning.
Researcher: What benefits do you anticipate from using Virtual Reality for each type of training? Please elaborate
on each benefit.
Respondent: Allows trainees to develop skills at their own pace and allow unlimited repetition of specific
scenarios that enable them to remedy skills deficiencies in a safe environment. A number of simulators have been
validated and have shown clear benefits to medical training. However, while graphical realism is high, realistic
haptic feedback and interactive tissues are limited for many simulators
Researcher: What is the Information, Communication Technologies (ICTs) - related technologies currently used
to train medical students?
Respondent: Information and communication technology (ICT) has brought many changes in medical education
and practice in the last couple of decades. Body scanners: A body scanner sends electromagnetic rays through a
patient’s body and sensors detect how much different parts of the body absorb the rays. A computer uses this data
to build up an image of the inside of a patient’s body. Body scanners allow doctors to find and treat conditions
such as tumours in their early stages when the chances of treating them successfully are much greater. Patient
monitoring: Computers are used in hospitals to monitor critically ill patients in intensive care units. The patient
has sensors attached to him which detect changes in heart rate, pulse rate, blood pressure, breathing and brain
activity. If any of this fall below a present level the computer sounds an alarm and alerts the medical staff. The
data is also logged and used to analyse the changes in a patient’s condition over a period of time. Organ transplants:
Computerised databases are used to help match patients who are waiting for organ transplants such as a new
kidney, liver or heart, with suitable organs from donors. Patient records: Computerised databases are used by
every hospital in the country to store information about patients. Uses of these databases include: organising the
transfer of patients between wards recording the history of a patient’s appointments with a consultant booking
outpatient appointments booking ambulances ordering equipment.
Researcher: Could you please describe instances whereby Virtual Reality would be a better option for medical
training when compared to the existing ICT-related training technologies? If yes or no, Why? Please elaborate.
Respondent: Yes, when we think about VR, we tend to associate it with the entertainment genre. Although VR
indeed set sails to enhance the demanding gamer’s experience, it has also made significant improvements to the
lives of people with autism, lazy eye, chronic pain, and other health conditions.
Researcher: Could you please give some examples of how Virtual Reality could be used to train medical
students?
Respondent: Can be used to train students who aspire to become surgeons. Shafi Ahmed, in 2016 streamed a
cancer surgery in virtual reality that was shot in 360-degree video while he removed a colon tumor from a patient.
Ahmed’s philosophy is clear. He says, “Forget one-to-one. My idea is one to many. I want to share knowledge
with the masses.” To achieve this, his company Medical Realities is building the world’s first interactive VR
training module for surgeons. Brennan Spiegel, a pioneer of VR in healthcare at Cedars-Sinai, has witnessed firsthand the positive impact of using virtual reality with patients for therapeutic treatment. At Cedars-Sinai, Spiegel
leads a team that studies how technologies like smartphone apps, VR, wearable biosensors, and social media can
improve health outcomes. Spiegel’s team also had success using VR to help men with high blood pressure. Inside
of the VR program, users are transported into a kitchen and educated on which types of food contain sodium. The
program then brings users inside a human body, where they can see the targeted impact of the sodium intake.
Technology doesn’t always need to feel like magic, but when it can for a struggling patient or doctor seeking
access to training, that’s an extraordinary thing for health care.
Researcher: What are your perceptions of ease/difficulty about using Virtual Reality for training medical
students?
Respondent: For me it’s not too difficult to use but I think that even if you find it hard to use, all you need to do
is practice with the equipment and then you will become good at it and find it easier to use.
Researcher: Do you think it will easy or difficult for students and staff (lecturers) to use Virtual Reality for
medical training? Why do you think that way?
Respondent: It will be difficult at first due to the fact that nobody likes to learn new technology when you are
already comfortable with the ICTs you currently use. But once, medical students and professionals use the ICTs
more consistently then it will be easier to use and give us an advantage and edge in healthcare.

136

Researcher: In your opinion, what could be done to ensure that Virtual Reality technologies are easy to use from
the lecturers and students’ perspectives?
Respondent: I propose that these medical VR’s have an easy to read instruction manual which inexplicably
explains every detail on how to use the technology so that people who use it can follow the few easy steps to get
going.
Researcher: What are the possible factors that could facilitate the adoption of Virtual Reality for training medical
students?
Respondent: Systems based on virtual reality offer a unique opportunity for the training of professional surgical
skills on a wide scale and in a repeatable manner, in a way similar to the routine training of pilots. In some areas,
such as conformal radiotherapy and stereotactic neurosurgery, treatment is not possible without preoperative
planning with the aid of a computer. In other areas, such as craniofacial neurosurgery and open neurosurgery, the
possibility of planning surgery on a computer screen, trying out different surgical approaches with realistic
prediction of the outcome (for example, postoperative appearance of the patient), and planning individualised
custom-made implants have substantial impact on the success and safety of the intervention. The rapid adoption
of minimally invasive surgical techniques is one of the major driving forces in the development of surgical
trainers. The extreme limitations placed on visual and manipulative freedom, including the loss of tactile feedback
and the unusual hand-eye coordination, makes extensive specialised training for such interventions necessary.
Virtual reality is the technology of choice with the greatest potential for future development, and a rapidly growing
number of commercial units is becoming available. Virtual reality-based technology is a new but rapidly growing
area in medicine, which will revolutionise health care in the foreseeable future. The impact of this technology is
just beginning to be recognised owing to methodological, technical, and manufacturing breakthroughs in the past
few years. It must, however, be emphasised that the technology is simply a tool and that the other critical areas of
content development and physician-patient relationship must be incorporated into the new systems.
Researcher: Do you perceive any social influence that could be exerted and that could facilitate or hinder the use
of Virtual Reality for training medical students?
Respondent: Yes, the influence of other doctors who are currently exploring opportunities through the use of VR
in various medical fields can have a social influence which could facilitate the integration of VR’s in medical
training.
Researcher: Do you perceive any influential people in the society and in the lives of students that could promote
the use of Virtual Reality for medical training? Please elaborate.
Respondent: Brennan Spiegel, a pioneer of VR in healthcare at Cedars-Sinai, has witnessed first- hand the positive
impact of using virtual reality with patients for therapeutic treatment. Spiegel told the story of a young adult
suffering from severe Crohn’s disease, which forced him to spend 100 days of the last year in the hospital. The
most healing environment he can think of, however, is his grandmother’s living room. Spiegel’s team was able to
place a Samsung 360 camera in the grandmother’s living room then give the patient a VR headset to virtually
transport him there. The experience nearly brought him to tears and is a perfect example of how VR can make
patients in hospital treatment more comfortable. Shafi Ahmed, co-founder of Virtual Medics and Medical
Realities, spoke again this year at Exponential Medicine. Last year we wrote about Ahmed’s efforts to solve the
huge global shortage of trained surgeons: “According to the Lancet commission on global surgery, the surgical
workforce would have to double to meet the needs of basic surgical care for the developing world by 2030. Dr.
Ahmed imagines being able to train thousands of surgeons simultaneously in virtual reality.” With this in mind,
Ahmed made a splash back in 2014 when he reached 14,000 surgeons across 100 different countries by using
Google Glass to stream a surgical training session. I believe these two guys are shaping our future of how we go
about providing medical expertise for training and for patients.
Researcher: How could these people influence the use of Virtual Reality for training medical students?
Respondent: These two guys are already influencing people around the world of how VR can be advantageous
for the use of training and practical use also. They did this by streaming to thousands of people worldwide to teach
them how to prepare surgery and undertake surgery. Also including, creating relaxed environments for patients.
Researcher: What, do you perceive, could be the anticipated types (or categories) of challenges to the adoption
of Virtual Reality for training medical students? Please elaborate on each challenge category.
Respondent: Monetary/Funding - Many of the respondents are start-ups developing AR/VR content, eyewear, or
end-to-end solutions. So, it’s not surprising that money and funding for product development, research and other
marketing costs are at the top of the list
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Technical Limitations - For some, the size of VR systems limits their use in certain clinical settings. For others,
mobile VR platforms can only provide so much immersion with a pocket size computer. Computer specifications
and resolution of available devices can also be limiting factors for some medical centers.
Lack of knowledge - This is an area of particular interest for the VRARA committee. Many of our contacts and
colleagues have heard of VR/AR being used for gaming and entertainment but are unaware of the medical use
cases and the research behind them. Disseminating this knowledge is an important goal of the committee. We
know many people say they “get it” as soon as they demo VR/AR for the first time because it’s very intuitive, but
most patients and providers have never had a live VR/AR experience. Understanding immersion is best done
through one’s own eyes.
Researcher: What would you recommend as solutions to surmount the challenges?
Respondent: Given the obvious benefits of various emerging VR/AR technologies including pain diminution,
surgical planning and practice, 3D radiological imaging and medical education, we’re confident that it won’t be
long before customers and investors start to invest in best-in-class solutions. Committee members have noticed
that hospitals are increasing budgets for clinical simulation centers to allow them to purchase VR/AR equipment.
Third party companies that work with medical organizations are starting to budget for VR/AR solutions as well.
AR/MR tech is so new that only a small fraction of published research (574) examines its use in healthcare.
Several areas still need randomized control trials to show evidence for mainstream adoption of AR/VR/MR by
healthcare providers.
I3
Researcher: How useful would Virtual Reality be to train medical students?
Respondent: Medical students undergo training in clinical medicine and surgery. I believe that virtual reality can
be very beneficial. Medical students will be able to improve their skills by practicing using virtual technology
instead of practicing on a real person. This decreases the risk of misdiagnosing patients as medical students gain
a broader perspective on the diagnosis and treatment of illneses using virtual technology. Virtual technology also
allows medical students to make mistakes and learn from it without the risk of harming real patients (I am not
sure)
Researcher: What are the types of training that medical students undergo?
Respondent: Simple and complex surgical procedures could be taught and practiced using virtual reality.
Researcher: Okay… Do you think it will be ease/difficulty to use Virtual Reality for training medical students?
Respondent: I believe that it would be easy. It is better and easier to practice using virtual reality instead of using
a real person. There could be workshops and programmes that train lecturers and students on how to use virtual
reality. There could also be incentives given to individuals who chose to use virtual reality. Financial assistance
is important because this technology is expensive. Public hospitals are currently undergoing financial strains and
cannot afford many medical and surgical equipment required hence the use of virtual reality will not be prioritized.
Researcher: Do you perceive any social influence that could be exerted and that could facilitate or hinder the use
of Virtual Reality for training medical students?
Respondent: Medical doctors and surgeons can influence the use of virtual reality as they have first-hand
knowledge the how beneficial it can be. These individuals could motivate for the need of using virtual reality as
they are aware of the benefits it will have in clinical medicine and surgery... Students may not know how to use
the advanced technology appropriately and will therefore not be able to achieve the desired outcome. Students
may eventually treat real patients like ‘virtual reality patients’ and may not take responsibility for their actions
when mistreating a patient. Students may also develop a ‘cold’ and ‘clinical’ attitude towards real patients….
Students need to be educated on the appropriate use of virtual technology…. Students must also be aware of the
difference between using this technology and treating a real person.
I4
Researcher: How useful will virtual reality be in the context of training medical students?
Respondent: As the population increases all around us, every second another person is falling ill ranging from a
common flu to cancer to even life-threatening diseases. Virtual reality then allows medical students to able to
witness major surgery simultaneously and be able to stand in and watch these surgery’s taking place as well as be
lectured on the procedures
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Researcher: Could you please describe the types of training that medical students undergo?
Respondent: Skills Training in which they learn how to perform various operations and in that they would need
to know how to perform their job in the perfect way or the right way... they undergo team training in that they
need to know how to work as part of a team and how to interact with one another
Researcher: How useful do you think virtual reality could be for the different types of training?
Respondent: In terms of Skills Training it will be useful because they will need to learn how to do the job so they
will have to know and then for team training it'll allow them to work together as part of the team so that is useful
also. And in terms of virtual reality for these types of training with skills training VR would be helpful because
as a medical student you will be able to witness this operation happening so you are able to view them and learn
from them and for the team training you will see how other professionally equipped medical students or medical
people work together and you will be able to work together or learn how to work together in your team okay
Researcher: What benefits do you anticipate from using Virtual Reality for each type of training?
Respondent: Virtual reality offers a potential for engaging in immersive experiences and real opportunities for
learning and development for the students. they will be able to be transported to a completely different area, a
completely different country, specializing field in which they can witness these surgeries going on and they will
be able to learn from them and you know get useful tips on how to complete a procedure and increases their
engagement in the field in which they want to venture in as well as it will increase their engagement in the
procedures and in the medical field itself okay
Researcher: What is the ICT related Technologies currently used to train medical students?
Respondent: Okay so we had computer technology which is used for medical information to be stored on a
database and use it also for research… computer technology which is all to use for research in which they can
research different diseases etc. to come up with a profitable information okay
Researcher: Where a virtual reality would be better option for training medical training and compared to ICT?
Respondent: Surgeons can experience visual and physical feedback when practicing a procedure. They can receive
training on procedures, equipment and patient interactions okay
Researcher: Could you please give some examples of how virtual reality could be used to train medical students?
Respondent: It creates a better practice environment. Students will need to practice to procedures to perfection,
so this virtual reality allows for that. students can also witness what it is like to have certain illnesses... with virtual
reality if people are getting old and they experience blindness or are hard of hearing... deafness... virtual reality
allows surgeons to be able to witness how it is to have these illnesses
Researcher: What are your perceptions of ease or difficulties about using Virtual Reality for training medical
students?
Respondent: For students it might be easy to use because many students can operate on a virtual patient, so it
helps to acquire surgical skills by means of simulation. For staff it might be difficult especially because some
people have not used such technologies before.
Researcher: Do you think it will be easy or difficult for students and staff to use?
Respondent: I think it'll be easier because there's an ability to perform and practice procedures until perfection.
There is also better opportunity to train not one but many students at one time so that's the ease of it
Researcher: What can be done to ensure that the VR technologies are easy to use from the lecturers and students’
perspective?
Respondent: I think you can allow more lectures and students to take advantage of virtual reality, use it more
practice purposes using until they can practice whatever surgery the difficult ones or even easier ones to practice
until they get it to perfection so allow them to take full advantage of the facilities that they have...
Researcher: What are the possible factors that could facilitate the adoption of virtual reality for training medical
students?
Respondent: Three factors that have is improvement of Technology
New innovative thinking and maybe 3 increase number of new doctors…. the more the increase in the number of
doctors the higher the need for new ways in which... new ways of thinking as well as performing different
procedures
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Researcher: Do you perceive any social influence that could be exerted that could facilitate or hinder the use of
virtual reality for training medical students?
Respondent: Yes, some people may not be comfortable with it the older generation of staff may not like the idea
of VR or they may not be comfortable with it. However, the younger generation of staff and students will welcome
it more and be more accustomed to using it and training with it…
Researcher: Do you perceive influential people in a society and in the lives of students that could promote or
hinder the use of virtual reality for medical training?
Respondent: So socially the government would want virtual reality to improve the ways in which medicine is
coming across in order to take a better standing in society and amongst other countries, in the students live their
parents because they would want them to better themselves and they would welcome the new change since they
want their kids to improve all the time. So, the parents of these medical students that is….
Researcher: How could these people influence the use of virtual reality for training medical students?
Respondent: This can be done by donors or sponsors for the equipment. So, donations in form of cash or in the
form of equipment. This would be a help for the sectors… the medical... sorry I meant for the virtual reality field
Researcher: What do you perceive could be the anticipated types of categories of challenges for the option of
virtual reality for training medical students?
Respondent: The cost factor because it's obviously expensive but the fact of the second thing is the ability to be
able to use virtual reality. The students and staff inability that is and the third factor is they may take advantage
of virtual reality and not perform actual surgeries and just take advantage of the virtual side of it and not perform
the real surgeries… so like students using it as a game instead of for learning and gaining skills.
Researcher: What would you recommend as solutions to surmount the challenges?
Respondent: Okay for the cost factor I would say get donations or the government could set aside funds for virtual
reality but yeah just look for more like donations, sponsorships…. and this could come from the parents and the
government or influential people that would like to provide sponsorships. For the inability to use virtual reality
and for them taking advantage and not performing surgery here you can spend more time training students, be
with them, like the experienced surgeons should demonstrate how it could be used… spend more time with
medical students training them and making sure that they are there all the time with them so they can see that
they're not taking advantage and that they're putting virtual reality to proper use.
Researcher: Thank you so much for your time.
Respondent: No problem
I5
Researcher: How useful will virtual reality be in the context of training medical students?
Respondent: It would be useful in ways that will help students to learn quicker.
Researcher: Do you think it will be ease/difficulty to use Virtual Reality for training medical students?
Respondent: I would find it difficult because I have not used it before
Researcher: What are the possible factors that could facilitate the adoption of Virtual Reality for training medical
students?
Respondent: VR costs a lot. So, in terms of financial cost, it would be an impediment to the adoption of virtual
reality. But I think that it’s possible to adopt virtual reality.
Researcher: Do you perceive any social influence that could be exerted and that could facilitate or hinder the use
of Virtual Reality for training medical students?
Respondent: I think that social influence from other students, the more senior ones, could facilitate the use of
virtual reality. I really need to go now, are there any other questions?
I6
Researcher: How useful will virtual reality be in the context of training medical students?
Respondent: It would be of great help for medical students in the context of actually being involved physically
and understanding the medical field. Teaching surgical procedures, teach teamwork, and develop psychomotor
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skills. It would be useful in ways that will help students to learn faster and more efficiently in different
environments. Allows students to gain experience without any risks, besides saving costs, training in a virtual
environment also increases the levels of safety, and also helps students to be more inclined with the practical side
than just the theoretical. VR could be used to prepare students for critical medical interventions without putting
the patient’s or the student’s life in danger. VR could be used to train students to identify the correct treatment in
cases where there are accidents or multiple casualties. VR allows students to feel the tense environment which
requires one to be quick when making decisions and diagnosing conditions. VR provides a good and safe practice
environment for aspects that are highly technical but are seldom performed by doctors but need to be well-known
by them. An example of a procedure that is seldom performed but needs to be well-known is cricothyrotomy. This
procedure involves making an incision into a specific area of the patient’s neck to insert a plastic tube through a
thin membrane in the trachea. This procedure requires speed and accuracy and can be life-saving if it is performed
correctly but deadly if it is not performed correctly hence a quick analysis and decision about the area of incision
needs to be taken.
Researcher: Do you think it will be ease/difficulty to use Virtual Reality for training medical students?
Respondent: I would find it difficult because I have not used it before
Researcher: What are the possible factors that could facilitate the adoption of Virtual Reality for training medical
students?
Respondent: VR can decrease the operational cost of a physical training facility and it can allow students and
medical personnel to train remotely without the additional costs. VR allows for distance training to occur. This
means that the campus saves costs because they have VR training via distance.
I7
Researcher: How useful would Virtual Reality be to train medical students?
Respondent: Students undergo 3 years of non-clinical training in which they study skills, anatomy, physiology,
pathology etc. at the university and 3 years of clinical training at government hospitals. I think virtual reality
would be a very valuable tool that we can use in both our clinical and non -clinical years. It can be used by medical
students to look at a simulated human body and see how it functions in 3 dimensions thus assisting medical
students in learning anatomy and physiology. Procedures can also be practiced using virtual reality thus, enabling
medical students to be more prepared for their clinical years and as a tool for revision in their clinical years.
Instead of using pictures and diagrams to illustrate the workings of the human body, virtual reality can be used. It
would also allow medical students to gain a better understanding of the physiology of the human body.
Simulations of operations and procedures can be used to train medical students. Simulations of dissections can be
used by medical students to revise their anatomy. The way in which the organs and muscles work inside the human
body can also be shown through simulations.
Researcher: Hmmm… Do you think it will be ease/difficulty to use Virtual Reality for training medical students?
Respondent: I think with the proper guidance it would be a fun and easier way of learning… Maybe Conduct
workshops illustrating how to use this technology
Researcher: Do you perceive any social influence that could be exerted and that could facilitate or hinder the use
of Virtual Reality for training medical students?
Respondent: The realisation that it can become a valuable tool that facilitates learning. I think lecturers as well as
other accomplished specialists in the field can promote it…If these people use it and feel that it is valuable,
students will automatically want to use it as well because they value and respect the opinion of the abovementioned people
Researcher: What are the possible factors that could facilitate the adoption of Virtual Reality for training medical
students?
Respondent: Cost as the technology would be expensive. Knowledge on how to use the technology- not everyone
would be able to fully utilise the technology and understand how it works. Maybe conduct lectures and train
lecturers and students on how to use and operate the technology. The university can find cheaper ways to
manufacture and implement the virtual reality programs.
I8
Researcher: How useful would Virtual Reality be to train medical students?
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Respondent: Most medical training involves the analysis of body systems through various bodily examinations.
The usage of virtual reality would help improve overall teaching by enabling students to immerse themselves into
the clinical setting during sessions. As stated above, virtual reality technology will help students visualise and
gain a fresh perspective into patient-centred clinical care during teaching sessions. It can also be used during
dissection sessions, thus, enabling students to visualise and appreciate the anatomy of the human body. This would
be a suitable replacement for the videos screened prior dissections. This is because videos do not allow students
to fully conceptualise subject material.
Researcher: What are the types of training that medical students undergo?
Respondent: It can be used in the following circumstances during clinical sessions, during the videos screened
prior to dissections and during lectures and practical to improve understanding of concepts via visual aids
Researcher: Do you think it will be ease/difficulty to use Virtual Reality for training medical students?
Respondent: The introduction of this technology would be difficult. This could be due to the poor computer
literacy of students, irrespective of their background. Some lecturers and technicians may also experience
difficulty with the usage of this technology. The successful implementation of this technology will depend on the
attitude of students and staff. There should be courses offered to ensure proficiency in the usage of this technology.
Researcher: What are the possible factors that could facilitate the adoption of Virtual Reality for training medical
students?
Respondent: Positive attitude among both students and staff…A high number of resources dedicated to the
implementation of this project. But, the economic background of students could hamper the progress of the usage
of this technology
Researcher: Do you perceive any social influence that could be exerted and that could facilitate or hinder the use
of Virtual Reality for training medical students?
Respondent: The lecturers could influence the perspective of the students regarding their attitude toward using
this technology. Their reviews of this technology as learning aids will prompt students to access this resource if
available.
Researcher: What, do you perceive, could be the anticipated types (or categories) of challenges to the adoption
of Virtual Reality for training medical students? Please elaborate on each challenge category.
Respondent: Finances - most students are funded via bursaries and financial aid schemes which may not allocate
funding to this resource. Computer literacy- not all students may be proficient in usage of such technology. Better
handling of financial and human resources; courses to ensure students are able to utilise this service.
I9
Researcher: How useful would Virtual Reality be to train medical students?
Respondent: Virtual reality would be quite useful to run real simulations of clinical practice cases. This would
help students gain a more “hands on approach to medicine” where patient’s lives aren’t in any danger and failure
isn’t fatal. Currently, the course has very little to do with actual medicine as this year is the premedical course.
Students are however required to acquire a first aid level one qualification which enables one to have basic
knowledge of what to do in emergency health situations. Virtual reality could be useful as I stated in my first
response. The benefits were already highlighted in my first response. I also wanted to mention the fields of cell
and gene therapy are moving rapidly towards providing innovative cures for incurable diseases. A current and
highly topical example is immunotherapies involving T-cells that express chimeric antigen receptors (CAR Tcells), which have shown promise in the treatment of leukaemia and lymphoma. These new medicines are
indicative of the changes we can anticipate in the practice of medicine in the near future. Despite their promise,
they pose challenges for introduction into the healthcare sector in South Africa (SA), including: that they are
technologically demanding, and their manufacture is resource intensive; that the regulatory system is
underdeveloped and likely to be challenged by ethical, legal and social requirements that accompany these new
therapies; and that costs are likely to be prohibitive, at least initially, and before economies of scale take effect.
Investment should be made into finding novel and innovative ways to introduce these therapies into SA sooner
rather than later to ensure that SA patients are not excluded from these exciting new opportunities. In conformal
radiotherapy and stereotactic neurosurgery, treatment is not possible without pre-operative planning and practice
with the aid of a computer and/or simulation. VR can impact on the success and safety of a surgery. I also think
it can be used for assisting with the treatment of patients because you know that some doctors do not allow you
to assist them. Like when I started off, and I was doing my community service, I had this doctor who did not even
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allow me to go near the table, the surgical table. He just wanted me to observe. I was so upset this one day, he
refused to let me go near the table, and I was a qualified person at the time. You know how old people are…
Hahaha.
Researcher: What are the types of training that medical students undergo?
Respondent: Running realistic medical scenarios.
Researcher: Okay… Do you think it will be ease/difficulty to use Virtual Reality for training medical students?
Respondent: Yes, it will be easy as most medical students are generally smart due to the prerequisites to get into
medicine. Efficient training programs, Convenience.
Researcher: Do you perceive any social influence that could be exerted and that could facilitate or hinder the use
of Virtual Reality for training medical students?
Respondent: Influential people could range from highly respected doctors. Many would follow the example of
such doctors and adopt the method. By proving its practicality – incorporating the use of virtual reality in their
practices – e.g. showing patients simulations of possible solutions to their problems where they can decide which
best suits them. Dr. Shafi Ahmed is trying to curb the global shortage of trained surgeons. Dr. Ahmed wants to be
able to train thousands of surgeons simultaneously using virtual reality. The doctor used Google Glass to stream
a surgical training session… I believe that guys like Dr. Ahmed are shaping our future of how we go about
providing medical expertise in terms of training and treatment for patients.
Researcher: What are the possible factors that could facilitate the adoption of Virtual Reality for training medical
students?
Respondent: Cost is an issue for such simulations because it would cost quite a bit, this would in turn increase the
already high fees of studying. Lower costing virtual reality equipment by seeking sponsorships from the
government would remedy the funding issue of the adoption of VR. Many of the companies producing VR content
like VR systems and programs are start-ups in South Africa. And that is why adopting it in South Africa Is a
problem. I mean where would the start-ups get the money to implement such a technology from. The government
from South Africa and other countries like Ghana and Nigeria, you know I taught in those countries, and here we
think things are bad, in terms of education, there in those countries, education is important, but the conditions are
poor. So, the government should increase their budgets allocated to clinical simulation centres. Also, all
universities must adopt it not just the private ones. I mean If the government allocates more funds to train medical
doctors and nurses. It means, uhm, poorly skilled doctors will disappear. Also, the government should be finding
new ways to introduce therapies such as immunotherapy and technologies such as VR into South Africa sooner
rather than later to ensure that South African patients are not excluded from these exciting global initiatives.
But you know change management and education should be at the forefront of the adoption of VR for medical
training because Universities should empower the staff to the extent that they are excited about gaining new skills.
Then there is haptic feedback which is especially important with patient rehabilitation especially those suffering
from mobility-related illnesses that require a stimulation of the sense. Like the position of an amputated arm is
tracked by 3D sensors in the VR environment or movement of fingers are tracked by the VR motion-sensing
gloves. Do you know about Google Glass? Something similar to it would be beneficial. And so, a lack of haptic
feedback would prevent patients from feeling progress so that means that real VR environment that provides
feedback to patients must be created.
I10
Researcher: How useful would Virtual Reality be to train medical students?
Respondent: Dissection of cadavers (to identify organs, vessels, bones, ligaments and various other structures
etc.). Simulated patient interviews for taking a history from a patient. Simulated physical examinations on real
people who are paid by the university to let students examine them. Not sure exactly. Would depend on how VR
would
be
applied
to
the
above
scenarios.
No need for dissecting kits if a virtual cadaver is used. Chance to undo incorrect dissection method on a
holographic projection whereas cannot undo on a cadaver.
Not sure what “ICT” entails exactly in terms of VR cadavers, VR organs
Researcher: Okay… Do you think it will be ease/difficulty to use Virtual Reality for training medical students?
Respondent: Easy if designed to be perfectly user-friendly. User-friendly and perhaps even customizable.
Motivation toward e-learning maybe?
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Researcher: Do you perceive any social influence that could be exerted and that could facilitate or hinder the use
of Virtual Reality for training medical students?
Respondent: Probably an academic who’s trained and qualified using VR in the first place. I mean it would only
be a properly accepted idea if there was proof of someone successfully having graduated with use of these new
technologies, in my personal opinion. Argument of VR not being a proper experience when it comes to actually
viewing a cadaver and the “real thing” – having a proper experience rather than using VR to simulate an
experience.
Researcher: What, do you perceive, could be the anticipated types (or categories) of challenges to the adoption
of Virtual Reality for training medical students? Please elaborate on each challenge category.
Respondent: Honestly, not sure. But I think it would help students, because they get to experience being in a
surgery because in reality it is not easy to assist with surgery of patients because senior doctors do not allow it.
But a major challenge is the cost of purchasing and maintaining the technology.
I11
Researcher: How useful would Virtual Reality be to train medical students?
Respondent: Practical skills such as an examination of the patients, different procedures and history taking. We
learn about physiology, anatomy, microbiology, virology and pathology. I would be able to see and practice a
variety of procedures multiple times without any assistance from a facilitator. No. There isn’t anything that can
be improved upon by virtual reality. Ultimately students need to learn how to do things physically and virtual
reality might hinder that. We already have so many opportunities to observe and practice different skills- there is
nothing new that virtual reality can add to our current methods of training. We could use virtual reality for anatomy
to show the different structures of the human body. It can be used to show and practice different procedures.
Researcher: Okay… Do you think it will be ease/difficulty to use Virtual Reality for training medical students?
Respondent: I believe that using virtual reality will be fairly, simple. I assume the technology for virtual reality
will come with a manual. All we’d have to do is read and follow instructions. It shouldn’t be too hard. Workshops
can be held for lecturers who are struggling and for students, it could be incorporated into our computer literacy
module. Making the technology more accessible and cheaper.
Researcher: Can you please tell me, how does community initiatives work? Based on my previous interviews
with other participants, they mentioned senior doctors do not allow students to assist with surgery... can you
please… I mean in terms of whether the senior doctor allows a resident to assist in surgery
Respondent: Well in my case, I was allowed to assist. My senior thought that it would be beneficial for me. And
that is how I am with my juniors.
Researcher: Do you perceive any social influence that could be exerted and that could facilitate or hinder the use
of Virtual Reality for training medical students?
Respondent: I suppose if lecturers found that it would be a useful teaching aid, it might be incorporated into our
training programme.
Researcher: What, do you perceive, could be the anticipated types (or categories) of challenges to the adoption
of Virtual Reality for training medical students? Please elaborate on each challenge category.
Respondent: Funds, Lecturers unwilling to learn how to use such technology, Lack of awareness- not many people
would consider using virtual reality as a teaching aid. People need to be shown how virtual reality can be used as
a learning tool. If you can prove that by using virtual reality you can make an actual and meaningful difference in
teaching and learning, then none of factors mentioned above would be a hinderance.
I12
Researcher: How useful would Virtual Reality be to train medical students?
Respondent: 1st to 3rd year is theoretical. This training programme is directed by the School of Laboratory
Medicine and Medical Sciences. Modules are concerned with educating students about the basic foundational
sciences and pathology concerning all body systems. Module content is taught through lectures, vital clinical skills
are practised during skills sessions at the skills lab and dissections of human cadavers are carried out at the
dissection hall. In addition to this, 3rd year includes visits to various public hospitals once every week for wardbased teaching, in preparation for the clinical years. 4 th to 6th year are the clinical years, during which most

144

teaching and training will be done at hospitals, involving real patients. I think it could be beneficial to students if
implemented correctly and effectively. Students will be more enthusiastic to learn with this technologicallyadvanced method of teaching and training because, this generation tends to be technologically inclined. The
university could also save money spent on resources in the skills lab and dissection hall which can be replaced
with VR technology.
Researcher: What is the Information, Communication Technologies (ICTs) - related technologies currently used
to train medical students?
Respondent: The only ICTs that I am aware of are the projectors in lecture venues used to deliver lectures and the
computers at the LAN. I am unable to comment on how VR technology would be better than these forms of ICTs.
Researcher: Do you think if you compare the ICTs you mentioned to using VR, would it be a better option for
medical training?
Respondent: Currently, I can only comment on its usefulness for the 1st 2 years. It would assist with practising
clinical skills by exposing us to simulated emergency scenarios and allowing students and staff to practise how
we would react to stabilise critically ill patients and showing us the consequences of our actions thereof so that
we may learn what not to do in such situations. Ultimately, using VR technology in the skills lab will create a
more realistic environment to improve and consolidate knowledge on life-saving procedures. It could also be used
to assist dissections of cadavers.
Researcher: Based on my previous interviews with the other participants, some senior doctors do not allow
students to assist with surgery
Respondent: Is that what some people went through, that is a shame because I was allowed to assist my senior at
the time. Even though I was anxious, and I felt like I did not know what I was doing... I had to start somewhere.
But you know, its only in South Africa its like that.
Researcher: Have you performed surgery elsewhere in the world?
Respondent: No
Researcher: Okay… Do you think it will be ease/difficulty to use Virtual Reality for training medical students?
Respondent: Initially, it may be slightly challenging to integrate virtual reality with current methods of teaching
because the university may not have the funds to implement the resources needed or to employ people to manage
this technology or train technicians and lecturers on how to use it. Some older lecturers may oppose the idea
because they like their method of teaching and may be hesitant to change. Despite this, I think that students will
be able to adjust to it fairly quickly if it is implemented correctly and if the technicians and lectures are trained on
how to use it effectively. Separate training sessions could be made available for students and lecturers. Tutorial
videos, in isiZulu and English, could be made to facilitate its use.
Researcher: What are the possible factors that could facilitate the adoption of Virtual Reality for training medical
students?
Respondent: The need for more effective forms of training to help consolidate and practise knowledge obtained
from lectures. There are a few unused venues available at the medical school campus which could be used to
create different VR rooms - each used for different aspects of training.
Researcher: Do you perceive any social influence that could be exerted and that could facilitate or hinder the use
of Virtual Reality for training medical students?
Respondent: I think past medical students, whom are now qualified doctors and based in Durban, could have the
greatest influence on current medical students if they are in support of VR methods of training. So, it could be
beneficial to reach out to them for promotion purposes. A lot of the current medical students look up to recently
qualified doctors - especially those who used to stay at the residence or those who started societies and were wellknown for being actively involved at campus. Through their own experience, they are well aware of the
shortcomings in the current training programme implemented at the School of Laboratory Medicine and Medical
Sciences, and the School of Clinical Medicine. Thus, they most probably have suggestions on how it can be
improved, and the use of VR technology could be one of them. Because of their influence, they can easily share
this knowledge with current students and could encourage students to appeal to the university to implement this
form of training. These doctors could also assist in developing this VR technology in accordance with the latest
norms in medical practice while simultaneously making it suitable for the needs of current students so that the
technology is up-to-date and effective.
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